erases 
sens oeo 


tt 


ALGEBRA 


STANDARD X 


MAHARASHTRA STATE 
BOARD OF SECONDARY AND HIGHER SECONDARY EDUCATION, 
PUNE 411 010 


First Edition: 1984 © Maharashtra State Board of Secondary 
Reprint : 1992 and Higher Secondary Education, Pune 411 010. 


“‘This book is prepared by the Committee of 
Writers under the guidance of the Board of 
Studies and the same is edited.’’ 
Members of the Board 
of Studies : Dr. B.S. Fadnis (convener) 
Prof. M.S. Huzurbazar (Convener) 
[From 27-7-84] 
Shri S.A. Kathawate 
Shri P.G. Relekar 
Prof. B.B. Shinde 
Dr. D.J. Tembhare 
Prof. B.A. Chopade 
Shri B.B. Patil 
Shri L.E. Patil 
Shri P.J. Nikam 


Committee of Writers : Shri D.R. Jariwala 


Shri D.S. Tambolkar 
Mrs. Kishori Deshpande 


Co-ordinator - Shri V.D. Godbole 


Publisher : Shri. D.R. Gogate Secretary, 
Maharashtra State Board of Secondary and 
Higher Secondary Education, Pune 411 010. 


Production Maharashtra State Bureau of Textbook 

Distribution : Production & Curriculum Research, Pune 
411 004. 

Paper : 61 x 86cm white printing paper 

Printer : M/s. Sudha A. Printers - Binders, 140 A to Z 


Industrial Estate, Lower Parel, Bombay 400 013. 
Print order : N/Ptg/T.B. - 7273 (50,000) 


PLEDGE 


“India is my country. All Indians are my 
brothers and sisters. 


I love my country and I am proud of its 
rich and varied heritage. I shall always strive 
to be worthy of it. 


I shall give my parents, teachers and all 
elders respect and treat everyone with 
courtesy. 


To my country and my people, I pledge my 
devotion. In their well-being and prosperity 
alone lies my happiness.” | 


PREFACE 

Taking into account the needs, the age groups and the under- 
standing capacity of students belonging to all strata of society, 
the Maharashtra State Board of Secondary and Higher Secondary 
Education, having given a second look to the objectives of : 
mathematics courses at all school levels, has reframed the syllabus 
of Mathematics from Std. VIII to X. 

The text books of mathematics for Std. VIII and Std. IX, which 
were prepared as per the.revised syllabus, were already published. 
In continuation of that series, the text book of mathematics for 
Std. X is prepared. It is hoped that the book finds approval from 
students as well as from teachers. Oo 

While writing this book main attempt has been to make students 
aware of the fact that mathematics is closely related with day- 
to—day life. Attempt is also made to achieve the following objectives. 


* To awaken and encourage the inquisitive mind in students. 

* To develop students’ ability of logical thinking, so as to enable 
them to put ideas in precise language and to create liking 
towards it. 

* To make them appreciate the interrelation of ideas which are 
responsible for growth of Mathematics. 

* To make them aware that mathematics is essential for deeper 
understanding of all sciences. 

* To make them realise that mathematics has its own language 
which they should be able to understand, to speak, and _ to 
write. | 

| * To develop the capac of students to solve sataples and 

| problems. 

The matter in this text book is so presented as to establish a 
good conversation between the content matter of Std. IX and 
Std X and to facilitate the revision of the main concepts learned in 
Std. IX to help students for better understanding of new concepts 
to be introduced in this text book, 


\ 


Prior to publication the script of this textbook was sent to renowned 
educationists, to experienced teachers and to wellknown authors 
of books in mathematics and their criticism, suggestions and opinions 
were solicited. This textbook is f inalized after taking into consideration 
their suggestions and criticism. The Board is whole heartedly thankful 
to all these persons for their sincere suggestions and constructive 
criticism. The Board is grateful to the editor, co-ordinator and 
members of the Board of Studies appointed by the Board; who. 
have extended their co-operation by putting their hard work with 
_ devotion in the preparation of this book. 

The Board also thanks the Director of the Maharashtra State 
Bureau of Textbook production and curriculum Research, for his 
co — operation in bringing out this book. Thanks are also due to 
the Controller of the Bureau for getting it printed in a nice and 


attractive form. 1, oe 


Chairman, 
Maharashtra State Board of 
| ; Secondary and Higher Secondary Education 
Pune : 4]] 010. and Additional Director of Education | 
Date : 15, August, 1983 Maharashtra State, Pune-—4]1010. 
24, Shravana, 1905 
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Chapter 1 
Indices 


In your eighth and ninth standard you have studied numbers 
having indices. You are also familiar with terms such as base, 
index or exponent and power. Let us therefore revise briefly those 
properties of numbers with indices which are already known to 
you. | 

§ 1.1 Revision. 

1. If m is a positive integer then 

 a™= axaxaxa.,,.......m times . 

2. If a0, then a® =] 

3. If a0, then a = l -and a = Ss 


a’ 


4. Following properties hold when the index is a positive integer 
zero OF a negative integer. | : 
(i) a™ x a®= am" (11) a® > a® = a®* (040) © 
(ili) (a" )—»= a™ ~— (iv) (a@xb) = a™ x 
Exercise 1.1 


1. Fill in the blanks. 
(1) axaxaxaxaxa=za@ .. x= 
(2)-3° x2?’ =f 


(3) 3? = FL | . p=O 

(4) 7?x7P = F . «=O 

(5) 242 = x & 220 
2 «3 \0 

(6) € = ) = x “6 x= 

(Tx x x eS oe — pei 

(8) (x? xx) = x" . n= 


8 x —5 i 
(9) Reape: 2" . x= ([) and 2? = 
(10) x? x x78 xx = x* 5. a= 
(11) 42 x 4 x43 = 4? 2. x= 

3° x 38 
12 = 3° A 
(12) ~ ~ yo 
(13) ( x? )? = x13 ns oa | 
(14) 5 x =e7-13 | . ¢g=0 
(15) ( 6-3 )2 — f—3tx a a 
(16) 4 x 2? = 2" eee eae al 

4 —2 
(17) ee = 30 Cee a — a | 

3 

(18) q7i2- q-6 — gk sie =f] 


2. Determine which of the numbers given in examples below is 
the larger and which is smaller. 


3 4 
8 4 - a 2 3 
: 8 De tlie. 9 nay = ade 9 8 
1) ( 81)* , (27)% (1) 2-*, 47? ii) (2) (5) 
(i) (a1)* , (27)8 (ii) 2+, a? Gill) (2) (SE) 
3. Find the values of— 
: 2 be 3 ee ae 3 
(i) (125) (il) (16)* — Gait) (243) (iv) (32 ) 
§ 1.2 Fractional Indices. 

An index of a number may be a positive or a negative fraction. 
We have met with numbers with positive fractional indices in 
standard IX. Let us revise the meaning attributed to positive 
fractional index. 

n-Roots of a number. | 
1. 3 Squared is 9. Therefore square root of 9 is 3. Symbolically 


] ; 
a= > 2.19)? = 3 
2.:3 cubed is 27. Therefore cube root of 27 is 3. Symbolically 


i 
3° 97... .- 07)? = 3 


3. 4" power of 5 is 625. Therefore 4 root of 625 is 5. symbolically 


5* = 625 . (625)* = = § 
4. §"" power of 2 is 256. Therefore g™ root of 256 is 2. _ Symbolically 


2° = 256  (256)® = = 2 
In general, if a is a positive real number, mis a pouitive integer 


and } is a real number such that 0" = a 
then ® is said to be the m™ root of 4. 


So | pat b=aq 
Exercise 1.2 
1. State which root and of what number do the following indicate : 


(i) s* (ii) (sx 2)'* Gi) (48 
2. Write in symbolic form : 

(i) third root of 5. _ (ii) twelfth root of 48 
3. Find the value of : . 


re ae We OT, J 

(iy( 48)" Gi) (ar*)" Git) [OH 

§ 1.3 Positive Rational Indices : 

_ Let us write in symbols ‘ the 4™ power of the 3 root of 125” 
: 

3 root of 125 = 1255 


14 
4'" power of this will be (1253 ) 
| 1 4 4 

But (125°) is written as 125° so that 


4 
(125)? will mean the 4 power of the 3 root of 125. 
Similarly, | | 


2 | 

4. 645 = 2™ power of the 5" root of 64 
6 | 

2. 367 = 5" power of the 7 root of 36 
3 

3. 100° = 3° power of the 5 root of 100 


In general, 
if @ is a positive real number and p and gq are positive integers, 


P 
then at will mean the p™ power of the q™ root of a. 


1: s aq 


In symbols, Le ( I y’ 


We have already seen that the laws which hold true when indices 
are positive integers continue to hold true when indices are positive 
fractions. 

Let us now see what meaning can be ascribed when fractional 
Indices assume negative values. 


| go. ot 
We know that a~? is 53 and a® is ae We first came across 
a 


this property in the VIII standard and have used it often -since 
then. We assume that the same meaning continues to hold when 
indices are negative rational numbers. 


| 3 —— 
Then “4 = 1 and a* = al 
a 3 —2 
| a* a a 
If a is a real number and if p and q are positive integers, then 
_? : 
a qs JI 
P 
a4 
: at 2B: »P e . 
Note that a 4@ and a4 are reciprocals of each other. 


§ 1.4 Rational Indices : 


We have learnt to interpret the meaning of indices when they 
are positive or negative fractions. We will now verify that the laws” 
of indices which are true for integral indices also hold true for 
positive and negative fractional indices. 

Since fractions can both be positive as well as negative we will 
have to consider the following cases in which indices m and n fall : 

(1) indices m and n are both positive fractions, 

(2) one of m and fn is positive and the other is negative, 

(3) indices m and n are both negative. 

The first case was covered when you studied laws of indices in’ 
the ninth standard. We will, therefore, verify that the laws hold 
in cases (2) and (3) above. 


(1) If a is a positive real number and if one of the indices m 
_and n is positive and the other is negative or both the indices 
‘are negative, then we shall verify that 


a™ x a™ = aq™t 


an | 3 1 342 
(i) Let us show that 16? x 164 = 16 #7" * 
ro $44 
L.H.S. = 16 *x 16% R.H.S. = 16 
1 dV _1 
JF eg 16" = 16-7 
16° 7 _ 1 
1 <a at 
= Ts * 16 (16) 
(16*) 
1 =— 
= 53% 2 4 
ee | 
~ 22 
ele 
— 


LHS. =R.HS. 


1 


a aa 1 28 = 
(11) Let us now show that 16 *x16 * = i. z)+( 


_3 ae ; pth a ¥ 
LHS. = 16x 164 R.H.S. = 36674) 4(-#) 
~ io 
eee eka = 167? 
16* 16° 
m= L(-: 3 1 1 
= —+—— = = — 
\° 4.4 1) 16 


Exercise 1.3 
1. Fill in the blanks : 


1 3 , 2 5 
(1) 5?x5? = sooo (2) 143 x 148 14 


5 


_2 _4 
(1) 128-7 x 128 7 
6 _4 
(3) 325 x32 ® 
3. Simplify : 


1 
3 


2 4 
(1) 23x23x 8 
164 
_2 3 
(3) 125 *x 25? 
625 4 
4. Find the value of x: 


(5) a 


3 2 oe 
(2) 243 > x 235 x 243 


Wien 


rey 2 a 
(4) 64 *x 645 x64 


_3 2 
(2) 81 *x 27° 
1 


9 2 
4 7 
(4) 1024" x _ 256% 


—_4 
3 


64 


1 —5 
28 
(4) a ° xa®*= a 


(6) a* 


I 
5 


3 
xa®> =a 


2 3 1 2 
(3) 100” x 1007 = 100 (4) a*% xa? = qu 
pee S 7 7 =e: i 
(5) 52x52 = 5U (6) 208 x wo = »4 
_§ 8 _2 _38 = 
(7) 10 ®x 108 = 19 (8) 37x37 = 3, 
4 a my Ss ae. 
(9) 25°F x25 F = ght (10) a *8xa 2% = afl 
_2 1 3 38 : 
(11) is? x 156 — 45 (12) 25* x 258 = 54 
S 5 3 15 
(13) 32° x32 % = 32H) (14) 2437 x 243 2B — og 
28 _3 3 | 
(15) 48 5 x 48 29 x 4g* = 4g = C] 
| 17 8 3 bed 
(16) W2y *x(W2)F x (V2)? =(V2)7 = 8 
2. Simplify : | : | 
4 
5 


(2) If a is a positive real number and m and n are positive or 


negative fractions, then 
Let us verify this law. 


a"—a" =a 


aes 
3 


re 2 Be ae ee ee 
(1) Let us show that 8g = Qe A 3 ) (3) 


_4 2 —4)- 
LW.S. = g 3 = 93 R.H.S. = gi 3)7( 
a | _6 
= 8 * x, -—g3 
gs 
2 
— | 1 er ae | 
er as =e 
835 83 
1 
a 1 ee panes os 2 
ies esa 2) : 


.. L. H. S. = R. H. S. 
oo _3 2 > 
(11) We now show that 3] *~— 81 * = 81 * 


3 _5 | ~3(-—2 
LHS. = gi 47-914 | R.H.S. = g1 4 ‘4 


= ] 1 = ~248 


i 
« 
x 
i>) 
pmb 
ha] 
| 
(o°e) 
= 
ry] 


a 
i) 
\o 


. L. H.S. = R. Hz. S. 


Exercise 1.4 
1. Fill in the ‘blanks : 


6 3 AS 41 
(1) 287 287 = og a 


pan er 15 7 A 
(3) 25 7+25 ? — 2 (4) 995+ 208 = 794 
(5) f= 6 Pag gag ® = gu 

ma ed 11 ma 5 
(7) poze p24 — BU (8) c¢ ? ° cz eee od 


1 _2 
(9) 8 +8 3 yu 


——— 3 7 
(11) 49% +49 =a) (yn) a? + a® = a 


| ~3 _2 ) 
(13) c Fee 25 = (U (14) ao — nat = = = 
2. Simplify : | 
— 64 (2) 243°--243 
- 1000° (4) 625* +625 ° 
3. Simplify : 
1 1 eee ke dl 
(1) 25° x 57+125 % (2) 22 xg- 2+ 4° 
| _1 ‘5 
ese at _2 3 —2 2 
(3) 81 $+27% x35 8 (4) (2) x (4) +(2) 
4/ 2 16 
4. Find the value of x : | | | | 
_2 i ; = 2 
(1) a@+a* = a® (2) a 5+ as — a” 
_ 1 1 : 
(3)a°+at = a® (4) a2? +a! =a 


(3) We will now verify that 
( a™ \" — gm 


where a is @ real positive number and m and a are any fractions. 


: | { —2 }2 ao 
(i) We now show that ( 32 ) = g 3*2 


1 
LH.S. = ( g 3 7 | R.H.S. = g 3X2 
1 
= (44)? aa § 
3 = 
— I Cc 2 1 1 
eae Sas we 
§ 3 1 
1 8° 
aa aA 
: 2 


li) We ae show that | (628) 4 +|° ( 625 y(-3) x (3) 


_. 2 (-3) x (-3) 
—_3 3 —_ 
ras. =[ (sy? | R.H. S. = (625) 
=f Vos = ( 625)? 

3 
625° Pee 
2 
= 3 
62st 
= (625 )? (3 ixt=4) 
= 25 


. LHS. =RH.S. 


Exercise 1.5 
1. Fill in the blanks : | 


(1) (42 as (2) (, 3 
w ( 377 i wre (4) (5 sy ° “ 


\ 6 11 
_g \7 a -21\% UO 
(5) ( w#) = 10 (6)(, 33) = 5 
7. Simplify : 


(1) ( gd - , 3) Pr 


( 
Ort Get D 
( 


3. cay 3 ) (3 )" (2) 
(3) tx ( = 4) 4. Lar 


4. Find the value of x : 


M(A)ytee @( ey? ,* 


} 5 
- — 
(tore oer la 
(4) Now we verify that if a and 5 are positive real numbers an 
m is a negative fraction, then (a xb)" = a™ x 5® 


=) _5 28 
We show that (8x125) 2 = 8 2x 125 
_5 _5 _5 
L.H.S.= (8 x125) 3 H.H.S. = g 3 x 125° 
(1000-3 =F 
= 1000 ) ~ 
| 38 125 
= ! . 1 re 1 
i = = f/f jA\$s 1\5 
{ 1000 )5 (s' ( 125°) 
i 
a es eee 1 1 | 
1\8 Se 
(10002) 2 * 5 
ay 2 
~ 408 (2x5)° 
_ 1 _ 1 
100000 100000 
. LHS. = RR, H. Ss. 
Exercise 1.6 
1. Fill in the blanks : 
3 
(1) (27x8)* = 974 x gH 
_8 
(2).(5%.21).> = sox 0 
_7 
(3) (9x 38) 7 = 9 Oy 320 
2. Simplify : 
1 \73 es ] ~2 
> ae —— 
(i) ( 23 =) (ii) (64x39 «196 ) 
§ 1.5 


It can be easily verified that the laws of indices hold true when 
either one or both of the indices m and a are zero. From this we 


10 


can now say that the following laws of indices hold true when 
the indices m and n are any rational numbers. 


(i) a™xa™ = am™* (ii) a™ + a" = a™" 
(iii) (a™)y" = a™ ~~ (iv) (axb)" = a™ xb" 
Miscellaneous Exercise — 1 
1. Fill in the blanks : 
16 16 ae Cl 
(1) 87 x5> x407 = 4 
_4 3 
(2) 10.2 6 2-" xs - ;U, ,U 
2 _5 _5 
(3)indg x 16.79 3 2S ag 
12 
5 V7 
ay (e “Fx 28 =qg,,U 
2. Simplify 
: 3 £ 6 am 8 5 
(1) 3 7x4 7x 97 x 27 (2) 65 x 3 > +25 
38 _3 1 ae 1 
(3) 21463 +9? x32 5 (4) 50 7x 1000 3x 257x2 ? 
2 mi 1 
(5) 32° x" 4 7x8" 
a 
2-7? = 64 5 
3. Find the values of x, y and z in the following 
1 1 31 -3 
1) (abst x otc ated = op 
A204 3 
5 
(2) ee = a® bY¢ 
| ath 3¢-2 


4. It is obvious that if a™ and a" ( where a0, a #1) are 


equal, then we should have m = n. Using this property find the 
"value of x in the following : 


CO ee 2) se ie 
3x—1 —_— K+3 
le : eoeoe 


11 


Chapter 2 
Ratio and proportion 


§ 2.1 Comparison : 


In every day life we are required to compare one - thing with 
another. For example, values of things, weights of objects,. sizes’ 
of objects etc. We may be required to compare marks of studends 
_ or their heights and ages. We can make this comparison only with 
the help of numbers. In such comparisons, numbers we come across 
are naturally only the positive numbers. 

If marks obtained by Satish and Ramesh in Arithmetic are 
respectively 40 and 60, we may compare these marks in the following 
_ two ways. | 

(1) We can say thal Ramesh has scored (60-40) = 20 marks 
more than Satish. We have. made this comparison by subtraction. 

(2) We can also say that Ramesh has scored one and half times 
the marks scored by Satish. In this comparison we have performed 
division. (60 + 40 = $2 = 3). This enables us to say how 
many times the marks of Raine are the marks obtained by Satish. 

In this chapter we shall lay all the emphasis on the second 
type of comparison. 

To say how many times a given number is in comparison to 
another number or to say what part a given number is in comparison 
to another is to state the ratio that holds between them. The 
numbers between which the ratio is stated are known as _ the 
terms of that ratio. Let us revise what you already know about 
ratio means. 

To find a ratio which. a’ number bears with another one is 
to divide the first number by another. The ratio of 15 and 18 is 
written and read as below. 


Written as — Read as 
(1) +4 | fe 15 by 18 
(2) 15 : 18 | 15 as to 18 
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§ 2.2 Standard units and ratios : 

Comparison is made between thing. of the same type. Comparison 
between different kinds of things may look absurd. To compare marks 
_ between obtained by Hari in some examination with Megha’s heigtht 
is simply ridiculous. So the ratio between a number showing marks 
and a number showing height would be meaningless. The term 
‘ratio’ 1s meaningful only when things of the same kind are compared. 

Another point that should be noted in this connection is that 
things compared, although of the same kind, must not be expressed 
in different units. For example, if John has 5 Rs. and Mahesh. 
has 80 paise, it will be wrong to say that the ratio of the amount 
of money which John has,to the amount which Mahesh has, is § : 80. 
To be able to compare the amount each has by expressing the ratio 
between them, these amounts must be expressed in the same unit. 

Now, 5 Rs. = 400 paise. | 

Therefore the ratio which the amount of John bears to the 
amount of Mahesh will be 500: 80 

Suppose that Sudha’s height is 1-52 m and Smita’s height | is 
138 cm. The ratio which Sudha’s height bears to Smita’s as 
will be 1°52: 1°38 | 

We may generalise the above ideas in relation to ratio peiwcen 
two real numbers. 

If x and y are real numbers and y is different from zero then 


~*~ or x: y is the ratio which x has to y. x and y are said to 


be the he and 2™ terms respectively of the ratio X iy. 

We may now look at the term ratio from another angle. 
This point of view will help us to solve problems which arise in life. 

Before we can measure anything a unit of measurement is first 
fixed. We then measure a thing in comparison to this standard unit. 
When we say that the mass of the thing is 5 kg, we are asserting 
that the mass of the thing is five times the mass contained in the 
unit of mass. This is also expressed by saying that the ratio - 
which the unit of mass bears to the mass of a given thing is 1:5. 


13 


Now suppose that 1 have two metal bars. | wish to compare 
their lengths. To do this I start with fixing first the unit of 
length. If in comparison to this unit, if the Jength of one bar is 
4 units and of another bar is 7 units, then the ratio which the 
length of the first bar bears with the length of the other bar is 4: 7. 
I may also say that the first bar is # part of the length of the other. 
Please note that the numbers 4 and 7 indicate how many. times 
in length do the bars measure in comparison to the unit chosen. 

When we say that 2:3 is the ratio between the measures of 
two things of the same kind, we also mean to say that the two 
things are respectively two and three times in measure in comparison 
to the standard unit. Sometimes the unit of measure in not specified. 
If this unit is denoted by x, we can say that the measures of 
things are 2x and 3x units respectively. Let us take a_ practical 
example to further clarify this point. 

Ashok and Milind weigh 20kg and 30kg respectively. Let us fix | 
10 kg as the unit of measure. Then the weights of Ashok and 
Milind would respectively be twice and thrice the weight contained 
in the unit chosen ( 10 kg. ). We may, therefore, say that the ratio 
_ between weights of Ashok and Milind is 2: 3. But when we are . 
provided with only the following information, say, the ratio between 
the weights is of Ashok and. Milind is 2:3 and nothing is said 
about the unit of measurement, then in this case if x kg. is assumed 
to be the unit of weight, we may rightly say that Ashok’s weight 
is 2x kg and Milind’s weight is 3x.kg. 

We may generalise ‘the above notion and compare more than 
two things of the samé kind at a time. 

When we say that measures of angles of a triangle a are 2:3: 4, we 
mean to say that they are respectively two, three and four times 
the standard unit. Assuming the unit to be x°, the measures of 
those angles respectively will be 2x°, 3x° and 4x°. 

§ 2.3 Solved Examples : 

j. Ages of Suhas and his father are as 3:8. If the sum of 

their ages is 55 years, find their ages. 


14 


Let the age of Suhas be 3x years. Since the ratio of Suhas’s 

age to his fathar is 3.:8, his father’s age would be gx. 
3x + 8X = 55 

° x = PL 
Age of Suhas = 3x = 3X5 = 15 years. 
Father’s age = 8% = 8X5 = 4Q years. 

2. The measures of angles of a triangle are as 3: 5: 4, find their 
measures. | 
Let the first angle have measure = 3x° 
The second angle has measure = 5x° 
and third angle has measure = 4x? 
We know that the sum of measure of a triangle is 180°. 


~- 3x+5x+4x = 180 


ee. wee es IS | 
Measure of the first angle = 3x = 3x15 = 45° 
Measure of the second angle = 5x = 5X 15 = 75° 


_ and Measure of the third angle = 4x = 4x15 = 60° 
Exercise 2.1 
1. Pairs of numbers are given below. Find the ratio which the. 
first number of the pair bears with its second number, in its 
lowest form 
(3) 9,14 (ii). 21, 15 (iii) 28, 4 
(iv) 32, 24 (v) 51, 34 (vl) 3) 10 
(vil) f/3, V5 (vill) 1-5, 4°5 (ix) /75> V48 
2. In seaiples given below find the ratio which the first quantity 
bears with the second. | 
(i) 9em., 15 cm (ii) 55 cm. , 2m. 
_ (iii) 77 Ps. , 11 Rs. (iv) 6 yrs. 2m. , 64 yrs., 9m. 
(v) 45 seconds, 1 minute (vi) 0*5 Litre, 400 ml. 
3. The ratio between the ages of mother and son is §:2. If 
the sum of their ages is 42 years, find their ages. 
4. Ratio between two numbers is 4: 7. Their sum is 77. Find 


the numbers. 


15 


5.. Two numbers have ratio 12:5. Their ern is 35. Find 
the numbers. 

§. Area of a rectangle is 29:4 sq. cm. The ratio of its sides is 
5:3. Find the length and breadth of the rectangle. 

7. Measures of angles of a triangle are to each other as’ 3: 4a 2: 
Find the measure of each angle. 

8. If measures of angles of 2 quadrilateral are to each other 
as 3:4:5:6. Find the measure of each angle. 

9. If the ratio between the radii of two circles is 2:3, find 
the ratio between the circumference of each circle. = 

10. If areas of two circles are to each other as 4:25, find the 
ratio of their radii and their circumferences. 


§ 2.4 Ordering the ratios : | 
For the purpose of this section ratios considered are ratios of 
positive real numbers only. For this reason this fact is not stated 


everytime we study such ratios. 
To find which of the ratios oa re smaller, we subtract the 
second from the first. If the result is zero , two ratios would be 


equal ; if positive, the first ratio would be greater than the second; 
if negative, the first ratio would be smaller than the second. 


a c ad — be 
ee eg ad 
| ad—bc sige nas, 
So -that when 7 o,then ad—bc =0, i. e. ad= be. 
hat (i) if ad=be, we have oii ead 
So that (1) } = be, rae 
This property states that in order to show that “= < it is 
enough to show that ad = bc. | 
‘/31)) when 2 — >o, i. e. wnen ad—bc > 0 or when 
ise. we hae. 2S" 
BaP eta ee bo” d 


ad — be 


111) when 
(111) w a 


< 0, i. e. when ad - be <o, or when ad< be 


we have = < C> 
b d- 


Of two given ratios if 
Numerator of first X Denominator of second — Deno minator 
of first X Numerator of second 
(1) is zero, then the ratios are equal. 
(11) is positive, then the first is greater than the second 
(111) is negative; then the first is smaller than the second. 


§ 2.5 Solved examples : 
_ |. Find which of ratios ; and ¥, is the larger. 
‘In this example a4 =9, b= 16,c=5 , d=12 
.. axd=9X12= 108, 5x¢=16X5= 80. 
So that, axd > bx ¢, | 
oS = es a 
b d 16 12 
2. Determine which of the two ratios 32 and j is the larger ? 
In this example, : | 
21 X 8= 168 and 25 X 7= 175. 
ed 
25 8 
3. If 10 is added to each term of the ratio 3% and a new 
ratio is thus obtained, state which of the old and the new ratios 
is the larger ? | 7 
We have to find which of the two ratios 33 and 
I8+10 _ 28 . 
23+10 33 | 
Here, 18 xX 33 = 594 and 23 X 28 = 644. 
. 18 28 
——— .= 
But 594 < 644 33 33 
4. If 5 is added to both the terms of the rate $3, compare the 


old ratio with the new one. 


But- 168 < 175. 


is the larger. 
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We have to determine which of the ratios = and 2545. = 30 


| 19+5 24 
is the larger. 


Here, 25 X 24= 600 . 19 x 30= 570. 
; 25 30, 

But, 600 > 570 : Ty > 7 

Study examples (3) and (4) carefully. In the ratio of example 
(3) denominator is greater than the numerator. In example (4) 
numerator is greater than the denominator. From this, 

(i) If the same positive number is added to both the terms 
of a ratio in which denominator is larger than the numerator, 
the new ratio is greater than the first. 

(ii) If the same positive number is added to both the terms 
of a ratio in which the numerator is larger than the denominator, 
the new ratio is smaller than the first. 

5. If a new ratio is obtained by multiplying both the terms of 


a ratio — by k, find which ratio is greater. 


The ratio obtained: by multiplying both terms of the ratio 


ak 
ae k as 
by iS bk 
Now 2. — 2 _abk — bak _ 4 
| b bk b ( bk ) 
~ a __ ak 
oe: 5 bk 


- From this it is clear that a ratio squats the ratio obtained 
by multiplying both terms by k. | 
- Similar statement can be made if both terms of a ratio are 
divided by the same number. 


a ak cl 
6. rs =< , show that ie ai 
Using example (5) we have, 
a-_ ak 
‘b Cbk 
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| d 
; ak cl 
ee bk dl 
Ws ip 7 =<, show that ak = ck 
b d bl dl 
oe a C ak ck ; 
Given —=——.To show that —~ = _—” 
ee caer w that = 4) we will have to show 
(ak) (dl) = (ck) ( bl ) 

Now, — = a 

d 
.. ad=be 


.. adkl = bckl ( multiplying both sides by kl) 
From this we have, 


(ak) (dl) = (61) (ck) 


So that“*= ck 
bl dl | 
That the above property holds can be shown also as follows 
From-+= — we have 2 ee 0 | 
b od b ad : 
ak sock | 
If we can show that rie = 0, we can conclude that 
ak ke 
“bl dl 
ak ck aiwtk ce k 
— — — = —X — -— — X— 
Oe dl a 
a C k 
ise oe Se 
b d, i 
= 0x— = 0 
ak _ tk 


ae 
From this, if a 7 then — = 


Exercise 2.2 
Fill in the blanks choosing proper sign from >,=, <. 


ae ae 2) OS Osos 
@5oe (6) OF )2o% 
M205 @f0 8 @,0 
(0) 2 P=? ay 5 O55 (2) 2 O 2% 
(13) If p< q then FO oo. 


(14) if xXy <zxt, then —~ ge 
ag y 
| s str bee ae ns 
(15) If oe r,¢ >0, thn s 
. § 2.6 Properties of equal ratios : 


pat 23s “ta 2 4 
Is) a a Cc 


Since ee we have bxc = axd 
b d 


Dividing both sides by axc we get 


bxc _axd 
axc axe 
. &' _ a 
ea. ae 
This property is known as Invertendo 
a C a b 
2. : = — then ot 
Since — = — we have ad = be 
b d 
Dividing both sides by cd we have, 
ads bc 
cd cd 
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a b 


So that = 7 
This property is. called as Alternendo 
3. if? = ‘then a+} = c+d 
- db a b d 
We have, ies eo 
 »#b d 
ae c 
oa > + 1] ae +1 
- G@+b _ctd 
C ad b — d 


This property is known as Componendo _ 

We establish this property by another method. 

a+b c+d 
b ~=©6—0h 
we show (a+b)d =(c+d)b 
Now, (a+5)d ad + bd 


To show 


apopbar fim oo ghee 
al os aS °) 
= (c+a)b 
So that finally i Hi ney ed 
b d 


Repeatedly using this property m times, 


Ske lites a+mb = c+ md, 
b d 
—b c-—d 
if 7 = © then : = 
: d 5 a 
a c 
we h — _- — 
ave - 7 
a co 
ee i 1 ri 1 
. a-—b _ c-a 
ee b = da 


This property is known as Dividendo 
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Repeatedly using this property m times, 


wehave. 22 = Gm 
| b d 
5. If 2 = * then Oe c+d 
- 5b d a—b c—d 
From 2 = © 
b d 
by using componendo we have 2 2 = a. segue. (E) 
Similarly using dividendo we havc > a CAE sasseue (11) 
- a ; i 7, c+d 
Dividig (1) by (i) we get acs = 
8 (1) y ¢ ) ae a—b c—d 


This property is known as componendo and dividendo 
We can use the above properties to simplify many tedious 
calculations. Study the following examples carefully. 


ee ( ecg flnd the value of 3X2) 
1 y 3. | 3x — 2y 
We have, PR, vets 
| y 3° 
Oe, Gh. gk 
: = - 
« 3xt2y _ 1546 |. by componendo and dividendo 
3x — 2y 15 — 6 | 
- 3xt+2y _ 21 - 7 
°" 3x — 2y 9 3 
3 , 
2. If i a, 18 , find the value of es, 
xe ys 49 y 
| x* +y* +y* = 16 
xS—ys 49 | 
- (x+y )+(x9-y?) _ 16449 (by componendo and 
" (x8ey8)— (xe y) ~ 76-49" dividendo) 
» Me 8s 
| 2y% 27 
yh 287 y 3 
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3. Solve the equation. (3¥+2)? +(3x-2)? = 5 
(3x +2)?—(3x—2)? 4 
(3x+2)?4+(3x—2)? _ 


(3¥+2)?-(3x-2)? 4. 
-- By componendo and dividendo 


| (3x42)? +( 3 2)? |+ [@x+2)?-( 32-2)? | 


| (3842)? + (3x 2)? |- 5 ee dia -2)*| 
_2%3x+2)" _ 9 . (3x42)? 


2(3x- 2)? ~ 4 7" (3x42)? 7 
ogee ey ge ee pe ee 
3x—2 1 . 3x%-—2 1 
.. Again by componendo and dividendo, 
(3x42) +(3x-2) _ at op (3X42) + (3x-2) _ -341 


(3x +2)—(3x—-2) (Gx +2) — Ge2) =3-7 


= 54 
54 


x 
I 


2 2 
4. Solve —————_—— = oes ge nadine 


3x —2 (5x—-4 
.. by componendo _ 
(x2 3x +2)+(3x -2) _ (%? + 5x +4) + (Sx —- 4) 
BX = 2 5x -4 
: seg _ x? 
“3x—-20——i(iti*SK 
Now, it can be easily verified that x.= 0 1s a solution of the 
equation. a 
If x #0 theu x? +0 
.. Dividing both sides by x? 
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3x —2 5x — 4 
oe 3X-2 = 5X -4 
ne? = 2x 

] =x 


+. *X = 0 or x = 1 is the solution of the given equation: . 
Exercise 2.3 


=! then find the value of SsadlOLh IX Fr SY 
4 3x — Sy 


Po 2 , find the value of P44. 

3) SP-4 
3. If 344 5 _, , find the value of — 
| 5b b 


3a — 
24. 4? 


4.1f “= a. find the value of als EE 
oe 4 m2 —nz 


5. Ifa:b =2:3, evaluate —__~ 3a — 26 
4a + 3b 


6. Solve the following equations ( x is a nonnegative number. ) 
Gi pss ial 3)" = 37 
(x+3)?-(x-3)? 12 
(2x +3)3 + (2x-3)8 16 
(2) (2x+3)>—-(2x-3)> 49 


x? — 2x +3 
—— a SC? 
(3) 35-3 


(4) xPa3xt1 _ x? -2x45 
3x — 1 2x — 5 

5) x?43x-5 _ x2? 49x-7 
“3x — 5 2x -—7 
(6) Vets t+ Vx=3 3 _ 3 
f/xt5 -Vx-3 é 


§ 2.8 An important Property of equal ratios : 


The ratios 8, and $ are equal. If their denominators and 


6 + 3 9 | ’ 
| : dded, we get = — as the new ratio, But 
numerators are : ed, g 1075 5 
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—is also equal to § or to 2. From this we can state a new 
0 


property of equal ratios 


That this property holds can be shown as follows. 


We are given that 4 =". To show 2 = aa it is enough 
b d b b+d 


a a(b+d)—b(a+c) 
oa a a a. 
_ ab+ad—ab—be 
~ b(b+a) 
ad — be 
b(b+4d) 


_ 0 a _ 6 6 _ | 
= b(6+d) we (WEES SeC@i be ) 


Suppose, oer er awe ae ae 
We start with —= >= : . 
So that, ey = a = ae 
: a atctet 
_ from this yk erry 
Continuing this mode of reasoning we have, 
ee 


a+c+e+g9 @oee09°e? 


then each ratio — ———_—"_—"_-3_°°"*" 
b+d+fth...... Sie 


You may verify the above by taking equal ratios as > F = 9 
5.7 
4’ 56 — 
We can extend the above property further.. 
We have seen that —~ = ax k 
7 | 5 bxk 
Therefore, ie = ee pois ae COC Ceeree 
b d f 
la mc ne 
Then each = — = —— = Tr = ceccceveecce 
| lb md nf : 


aad from the previous property, 
| ld + MC NE $ ..ccceeee 


each = 
b+ md + nf t ...- ues 
Thus, if f -f<- ae errr ere 
b d f 
“then each = [AR MCANE tee-seoees 


[b+ md + nf t...ceeee- 
If is obvious that the numbers /, m, n,......... must be such 


that 1b +.md + nf + ....0.06. FO 
Let us take an example and verify whether above property holds. 


ig ee 8 20 
Taking [= 8, m=5, n=-2, p= } 
5 SX64¢5X34+(—2)X 18 +3 X 12 
Consider Foot 5x 541-2) X 3042 X 20 
_ 48 +15- 36+3 
80 + 25-60 +5 
30 _ 3 
| 50S 
This ratio is thus seen to be equal to each of the ratios with 


which we started. 
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§ 2.9 Solved examples : 


eee ee SO gee (4+-+)- 1 1) 
; b Lo nat re ee 
( 


asec 
Since —_ = — we have ad = 
; 7 av bc 


_dta ct+b 
be be 
. (atd)—-(b+c)- 
bc 
_ al(a+d)-(b+¢)] 
7 abe | 
( There is a factor a in the denominator of R. H.S. For 
this reason we multiply the numerator and the denominator by a) 
_ a*+ad—ab —ac 
- abc 
a? —~ab+ad—ac 
abc 
_ a*—ab+be —ac 
i abc 
a(a—b)-—c(a-b) 
abc 
_ (a-b)(a-c) 
abc 
R. H. S. 


See ccweees o ad = be 


secccesee . Gd= be 


2. If i ee ae —— then show that x+2 = y, 
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Xx+2 


o.oo —- k. 
b+cect+a-—b 
"So that —~ = “= *7 = x, 
| b+c¢ a—b c+a 
But k= y 
Cta 


 e€+a@ Cha 


From this we get = i 


3. If ee ae then show that each ratio is either 
yre Z+x ao 


3 or—1 


Since — 7 = S 
yte2 Z+Xx x+y 
each ratio = Xt y Te 
| VR SEZ EXE REY 
_ (xty+z). 
2(x+y+2) 
— Ore (if xty+2 #0) 
If x+y+z=0 we have x = —(y+z) 
So that —~— = ly +2) —=-] 
| y+2 —(yt2) 
4.af O+c=4 — 6t+a-—sd = atb—ce 
x y z 
b Cc 


show. that ee = 
y 


b+c-a _ ct+a-b _ atb—c 


. x y 2 
So, each ratio = (b+c-a)+(e+a—5b) 
aa x+y 
= 2 acetesaneceesenue CL) 
x+y 
| —b atb—c 
Similarly each ratio = (eta—b)t(atrb-e) 


yt2 
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of eassuieedersene (Al) 


— y+2 eoecve5e 
and each ratio. — (b+c—a)t+(atb—c) 
: | 7 x+2 | 

2b 
— eoenecoeeges III 
rae (III ) 
From (1), (11) and (111) we have, 
2¢ _ 2a _ 26 
X+y yr2 XFS 


. ry ° ° a = i 
After dividing by 2 we have y+z x+zZ x+y 


ae _ Exercise 2.4 
1. Fill in the blanks. 


Q) # = 5 , a+3b _ 2a-36 
5 2 L OI 
(2) yes oo eek ge 2x + Sy _ 4y—2 _ a 
7 2 3 O CI 7+ 4+12 
3) = = Y= * 2x t 3y — 4% —_ L 
l m n 0 5l—2m +n 
x ye 
(4) b+c a—b ate 
(5) Be et eS OS, Be EE es MeV Ce 
m—n n—l l—m ie C) 
2. If > — — show that 
yy C+? 2 actbd a. 4 
arb? ~ “ac—bd ) (atb)(ate) — atbtced 
(3) atc Vac (4) a+3c _ Ja—5e 
b+d 4/bg b + 3d 7b — 5d 
a— b)(a—c 
(5) (a—b)-(e-d) = Se Piers) dK 
31 _% = : = e anda+b+c 40, show that 
b+c c+a a+b 


each ratio is 5 
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a+ 2b + 2 b+2¢+2a C+ 2a +25 pence met 


X+y—-2 
a+b+ 3c 
b Cc : 
Wf —" = _°  _= _* _ ando+d 
; b+c-—a c+a—b at+b-—c an Wee, 


show that each of the ratios is {1 


each ratio is 


yt2_ 2X _ xty 


6. If SS , show that 
a b Cc 
x _ y ._| 2 
bte-a cta—b atb-c 
ax+ by bx+az - ay+bz 
If SS nd xt - A 
7. I ay ae rer: and x + y+z 30, show 
that each of the ratios is 2 . b 
zZ-xX | Z+X-y _ xX+y-2 
gif PEATE = AU AUY = AtYT* then show that 
xtytz _— x?+y? +z? 
“atbt+e  az+bytex 
x ee se ee 
9. If Ove ae Pare show that 
x+2+¢Z _ X-Z% _ xX-2y-2 
a | an Cc 
| c 
yt2-x Z2+xX-y Xx+y-—2 
Hence show that b+e ~ c+a a+b 


§ 2.10 K - method : 

By taking each of given equal ratios to be equal to k we can 
solve practically every example. The method is simply mechanical. 
However answers to some examples are quickly obtained by this 


method. 
Some examples are given below to help to understand how this 


method is used. 
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1. If = = show that —”. - £= Vee 
si b 4 bd 
a c 
Let =| = a fa ga tae bk, ¢ = dk. 
Vac Wbk.dk bdk?® = 
V7 es A ee i 
Sida es VE 
b d J bd 
2 b qBno a ae res ; 
_ (4-6) (a-e) 
| abe 
Let f= tak *. a= bk and ¢ = dk, Now, 
. H.-S, R. H. S. 
1,1 1 ) (a—b) (a—c) 
= {—+—)-| -—t— = 
& u 4 (5 c abc 
= (A+4)-G+d) = (bk—-5) (bk— dk) 
ok ay: NO (bk) (5) (dk) 
ee erage ee eee _ 5(k-1) k(b-d) 
bk d b dk k* 67d 
_1f1 )-2 1 ) _ bk(k-1)(b—4) 
= —(—-1)-34|--! — bk(k-1)(6 
b\ k s d\k k2b2d 
=(2-1)(-1) | = {eet ora) 
k b d | kbd 
= (C2)Gz 
k 7) 
_. (1-k)(d-5) 
kbd 
_. (k-1) (b-4) 
kbd 


oe L. H. S. — R.H.S. 
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All those properties of equal ratios which we have earlier shown 
to hold can also be established by using the ‘k- method.’ 


§ 2.11 Proportion. 


Uptil now we studied the properties of equal ratios. We . 
make use of these properties in situations which we come across 
in every day life. Let us take an example. 

A fruit vendor sells 5 guavas for the price of 2 Rs. If we 
wish to find the price of 20 guavas what reasoning process do 
we employ ? 

20 guavas are 4 times 5 guavas. 

We naturally reason out that the price of 20 guavas should 
be 4 times the price of 5 guavs, that is 8 Rs. 

Basically we are saying that the ratios between the two 
numbers denoting the number of guavas equals the ratio of their 
repsective prices. 

When two -ratios are equal their terms are said to be in 
proportion. 

In the above example 35, = #2, so that, numbers 5, 20, 2 and 
8 are in proportion. 

So, to say that real numbers a, b, c, d are in proportion is 
the same as saying 

b d 

The numbers a, 5, c, d are called the terms of the proportion. 

The numbers a and d are said to be the end terms and the 


numbers 5b and ¢ are said to be the middle terms. Some _ times 
d is said to be the fourth term. 

In short proportion means equality of two ratios 

The middle terms of four numbers in proportion may also be 
equal. For example, 4 = 2 12 aa 18 100 _ 20 etc. 

6 9 18 27 20 4 

When the middle terms of four numbers in proportion have the 
same value, this value is said to be the Geometric Mean of the 
end terms. In the above examples 6 is the geometric mean of 
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4 and 9, 18 is the geometric mean of 12 and 27 and 20 is 
the geometric mean of 100 and 4. 
When the numbers a, 5, 6, ¢ are in proportion, i. ¢. when 


< = ae b is said to be the geometric mean of a and ¢. Conversely 
C 


when it is said that 5 is the geometric mean of a and c it is 
implied that the ratio a to 5 is the same as the ratio 6 to c. 
To summarise, 
(1) To say that a, b, c, d are in proportion is the same as 


saying a eee or that ad°= be. 
(2) To say that 56 is the geometric mean of a and ¢ is the 


noe i | 
same as saying = 4 or that b? = ac 


§ 2.12 Solved examples : 

1. A certain number forms the fourth term of a _ proportion. 
If the first three numbers are 6a75, 9a°, gb°, find the fourth term. 
Let the forurth term be x. | 

“. 6a7b, 9a%, gb? and x are in proportion. 
—. 6a7b _ gb3 
Qa —iS 
o. xx 6a7b = 8b? x 9a? 
_ 8b3 x ga 
6a7b 
the fourth term is 12ab?. 


= 12ab? 


36a? b 
B3 and aa 


2. Find the geometric mean of 


Let the geometric mean be x 


ee oe La = 4a? 
b3 9a b2 
‘ 2a 
a 
b 
.. geometric mean = * 
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3. The geometric mean of two numbers is 12. Thé sum _ of these 
numbers is 26. Find the numbers. 


Let the two numbers be a and c. 


we AEC = BWirersecee wear) 
Their geometric mean is 12 
E> i =m | tn VV Cree »ee(II) 


Now, from equation (I) ¢c = (26-a) 
*, Substituting the value of ¢ in (II) we get, 

ax(26-a) = 144 

“. 26a-a? = 144° 

-. a?— 264+ 144 = 0 

*. (a-18) (a-8) = 0 

-. 2-18 = 0 or a-g=0 

.. A= 18 or a= 8 
Now, axc = 144 

- ifa= 18 Be= 14 Wc=8 
and if a = 8, 8c = 144 .. € = 18 

.. the numbers are 18 and 8, 


Exercise 2.5 
1. Find the fourth proportional to the following. 
(1) 2, 6, 7 (2) 4, 12, 5 
(3) ab, bc, cd | (4) x*, xy, y? 
9. Fill in the blanks the third proportional in the following 
(1) 3,4, O, 2 (2) 11, 5, CI, 45 


(3) x?, xy, LI; x? y% (4) xy, yz, Lj, 2 
3. Find the geometric mean of the following. 


(1) 14, 56 (2) 5, 20 (3) 40, 25 
‘@) ar, — (3) EX4, cf 


4. Find the value of x / the middle term is the geometric 
mean of the other two. 


(1) 16; 24; x . (2) 9, 12, x 


34 


: 2 
(3) a2-b?, a+b, x (4) —, —1 * 


5, Which number should be subtracted from 11, 15, 21 each, 
so that the middle number so obtained is ne geometric mean of 
the other two ? 

6. Which number should be added to 5, 23 and 77, so. that 
the middle number so obtained is the geometric mean of the 
other two ? 

7. Sum of two numbers is 30 and their geometric mean is 9. 
Find the numbers. 

g. If (ab+bc) is the geometric mean of ( a? + 5?) and 
(52 +c? ), show that b? = ac. 

9. If (a—c) is the geometric mean of (a+2b+c) and 
(@—2b+c), show that 5 is the geometric mean of a and ¢. 


Miscellaneous Exercise -— 2 
1. Fill in the blanks. 


(1) The ratio of 65 cm. and 1 m. 4 cm. is ....... eee 

(2) The. ratio obtained by adding g to both the terms of } 
AS esa Mokoine than the original ratio. 

(3) The positive real numbers a, 5 and c are such that 
a aa oa Therefore, the number @ has to be ........than 5, 
b+¢ b | 

(4) 3x-S5y = 0 we XY = cecceceeeees 

¢ x57 — I _— 
(5) If St = —, then ~ = ,,,.....00.. 
| (5) 6p+54q >? q 
x _ 8 X + 4y 
6) If —= — , then —— 
(6) If re 
alu a-2b _ 
(7) If ab 5» then By eens 
@y B=. 39 3, _ 39 
17 51° IT 13 aaa he 
(9) The fourth proportional to 26, 36 and 13 iS .....s.ceee 
(10) The geometric mean of g and 72 IS! Geos ees 
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2. Answer the following. 
b 


(1) If ad = bc, state the order relation between * and : 
| c 


(2) If " — =. find y when x = 45 


(3) If both terms of a ratio are multiplied by a non-zero 

number m, in what. way will the ratio be affected ? : 
7 2 
(4) Find the geometric mean of (x—y)? and (rR). 
_ x-y 

(5) State greater of the two ratios, one being the ratio of the 
ages of a father and his son and the other being of their ages 
five years hence. 7 

3. Study the following solved example. 


yp EY I Gnd ts. 
5x — 3y 5 oe 
Method 1 Method 2 
a+ 3y _ 13 SX+3Y _ 13° 
5x—-3y S55 5x—3y SS 


.*, by componendo and dividendo, | .*. 5( 5x +3y) = 13( 5% —3y) 
(5x+3y) + (5x-3y)_ 1345] &. 25x+15y = 65x— 39y 
(5x+3y) —(5x-3y)  13-5| w. 15y+39y = 65x—25x 


10x _ 18 .. S4y = 40x | 
“ o  8 _ 34 x _ 2 
Pe x — 1, 6 _ 108 7 40 7 y si 20. 
y 8 10 * 80 vo ety = 27520 
ve ©: y = 108:80 = 27: 20, : 


Solve the-following examples using both methods above. 
4x + Sy 53 x 
If oe ee — ——~ 9 find —_— ee 
(1) 4x — 5y 3 y 


2 | 
i = 8, find the ratio a:b 


} 4a? + 
ee 
4. The ratio of the present ages of Sumati and Suneeti 18S 6:5. 
The ratio of their ages two years before was 5:4. Find their 


present ages. 
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. The ratio of the present ages of a father and his son is 12: 5. 
e father’s age at the time of birth of his son was 28. Find their 

“present ages. 

6. Khe ratio of two numbers is g: 5. If 8 be added to the greater 
number and 5 subtracted from the smaller number, the greater 
number becomes twice the smaller. Find the numbers. 

7. An amount of 12800 Rs. was divided among Rama, Shiva and 
Bhiva as 3:5:8. Find the amount each of them received. 


8. if = < show that 
" ab+cd = 6® +..-d? 2) bd b? + d? | 
9. 23 x ZT = *Xt3% | show that each rotio is 
32 +y z—-xX 2y — 3x 
equal to = 
y 
10. If as = ee = a. show that a~b+c=0 
| Z+xX x+y y-2 | | 
@@ee8 @ 
_Chapter 3 
Percentages 


§ 3.1 We know that the notion of ratio helps us to compare 
magnitudes of two things of the same kind. In our day to day life 
we are forced to make comparisons on many occasions. For 
example, let us suppose that Manish secures 483 marks out 
of 600 marks in an examination and Mitali secures 563 marks out 
of 800 marks in her examination. If now Mitali claims that her 
performance in the examination was better than that of Manish, — 
can we say that she ts justified in her claim ? To decide whether 
her claim is right we will have to find the difference between the 


ratios 483 and 563° 
800 


In this particular case it would be easy to make a decision if 


and decide which ratio is greater. 
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these ratios had the same denominator. For convenience, without, 
changing their values the ratios are so changed that they have tH 
same denominator 100. In this example, 


| 483 : 
xX 100 
483 483, 100 _ 600 — 803 
600 600 100 100 100 
_— 
- X 100 
and 563 _ 563, 100 _ “go _ 703 
800 800 100 100 100 


Now we can immediately say the. performance of Manish was 
better than that of Mitali. Percentage is a ratio in which the second 
term is 100. In the above example Manish obtained 9804 percent 
marks in the examination, whereas Mitali obtained 70% percent 
marks in her examination. Percentage is not a notion which is 
very much different from the notion of a ratio. At the most we 
can say that it is a particular type of ratio. It is advantageous 
always to keep this in mind. | a | 

Apart from helping us to compare ratios, percentages have wide 
applications in calculations of various taxes, commission on objects 
purchased or sold and the study of growth of population. 

The notion of percentage is not novel to you. You have used 
this notion in various arithmetical problems. Let us now revise 
our ideas by studying some examples. 


§ 3.2 Illustrative examples : 

1. The rateable value of a house is 15 percent less than its actual 
annual rent. Municipality charges 16 percent of the rateable value 
as property tax and further 8 percent as conservancy tax. If the 
annual rent of a house is Rs. 6,540, find the amounts of property 
tax and conservaney tax to be paid annually. How much total 
tax will have to be paid to the Municipality every six months ? 

Rateable value of the house after deducting 15 percent from the 


; annual rent 
85 . 85 7 

= annual rent ) x —— = 6540 x —— = Rs. 
A 7 ae Oe aan 8. 9559 
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_«» Property tax = ( rateable Value ) 16 
100 


= 5559x 16 
: 100 


= Rs 889.44 _ 
and congenvancy tax = (rateable value ) — 


= 5559 x 8. 
100 

Rs. 444-72 

.. total annual tax = 889-44 + 444.72 


= Rs. 1334-16. 
total tax per ——s- 1334°16 


six months 9 
= Rs 667:08 | 

- 2. In the annual budget of a certain state gavernment, annual 
income was estimated at 500 crores of rupees and a deficit of 4 
crores of rupees was shown. Actually, that year, the annual income 
increased by g percent and the annual expenditure increased by 
62 percent. ‘Determine whether there was actual surplus or deficit 
in the accounts of that state government, that year. 

_ Estimated income = 500 crores of rupees. 

Estimated expenditure = (estimated income ) + (estimated deficit) 
= 500+ 4 = 504 crores of rupees. | 


Actual income = 500 +( 500 X <.| = 500 +40 . 


= 540 crores of rupees. | 
25 
Actual expenditure = = 504 + ( 504 x 2) 


ae 126 X 25 
= 504 + aoe 
= 504 + 31-5 
= 535.5 crores of rupees. 
. . actual surplus = ( 543.— 535-5 ) | 
| = 4.5 crores of rupees. 
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Exercise 3.1 
1. A merchant purchased fine cloth worth Rs. 14,750, coarse clo 


cloth, 2% on coarse cloth and g% on ready-made « 
How much octroi duty had he to pay ? : 

2. A shopkeeper marks the selling price of an article oof, above 
his cost price, but allows 3% discount on the marked price 
to a customer. What price will a customer have to pay for an 
article which cost the shopkeeper Rs. 645? How much percent 
is the profit of the shopkeeper ? 

3. The population of a town was 12725. 8% of the population 
left the town to seek employment elsewhere. But due to the 
establishment of a sugar factory in the town 1527 people from | 
other places came to the town. What was the parcentage 
mcrease or decrease in the population of the town ? 

4. In 1981 the family of Satbhais had to incur expenditure 123% 
more than that in 1980, due to increase in the cost of living. 
In 1982, the expenditure incresed by 8°94 over that in 198}, 
What was the percentage increase in 1982 over that in 1980 ? 
If the monthly expenditure of the family in 1980 was Rs. $40, 
what was its monthly expenditure in 1982 ? 

5. A certain number of workers were employed in a factory at 
its starting time. After six months the number of workers had 
to be increased by 16%. Then by the end of the year there was 
again an increase of 5% in the number of workers. What was 
the total percentage inrease over the number of workers at the 
start, by the end of the year ? 

6. Shivajirao Patil sold his farm at 20% profit to Dada Shinde, 
who again sold it back to Shivajirao Patil at 35% profit. 
By what percentage increase over his cost price did Shivajirao 
Patil pay to Dada Shinde? If shivajirao Patil had purchased 
the farm for Rs. 28,500 originally, for what amount did he 
purchase it from Dada Shinde again ? 
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% Post and Telegraph Department announced a raise of 15% in 


10. 


§ 


the cost of Postal envelopes. This resulted in a fall in their sales 
20°. Consequently, there was a decrease of Rs. 104 in the 
mgnthly sales of envelopes at a certain Post Office. What were 


’ the\monthly sales of Postal envelopes: at that Post Office prior 


to the increase in the rate ? 


. Railway Ministry declared a 6% raise in the second class fares. 


This resulted in decreasing the passenger traffic by 5%. Inspite 
of this decrease, there was an increase of Rs. 1400 in the 
monthly sales of tickets at a certain Railway Station. What 
was the monthly income of sales of tickets at the station prior 
to the increase in the fares ? 


. Because of the raise of 20% in the price of sugar, the daily 


sales of sugar at a certain grocery shop decreased by 14%. 
Even then, the total daily sales of sugar at the shop increased | 
by Rs. 128. What were the daily sales of sugar in that shop 
before the increase in the price of sugar ? 

Due to the increase of 25% in the cost of a book, its sales 
are reduced by 10%. Inspite of it, ‘the monthly sales of the 
book increased by Rs. 3,650. What were the monthly sales of 
the book originally ? 

3.3 


We have seen that behind the basic notion of percentages is 


the idea of a ratio, We have worked out some problems to ‘stress 
this notion and to have practice in its application. We shall now study 
. some more problems to gain a deeper understanding of the concept 
of percentages. 


 Iilustrative Example - 1 


In ten years, the population of a town increases by 4%. Today 


its population is 17,576. What was its population 20 years ago ? 


Let the population of the town 20 years ago be P. So, in ten 


years it would have increased to 


104 
100 


P x— 


Al 


In another ten years its population will have increased and” 
come to 


2 
(Px tt) x 14 = Px (1%) 
100 100 100 


But this population today is 17,576. 


104 \? 
100 / 


- pp = 17,576 X 100 x 100 
(104 X 104 
= 16,250 
.. the population of the town 20 years ago was 16,250. 
[In examples of this type, we can use the formula used in examples 


on compound interest, viz, A = at 1+ iw). 


If P = population 20 years ago, 
r = 4 = rate of increase in population every 10 years, 
” = 2 = the number of periods ( units of 10 years ) 
A = the present population = 17,576, 
then, we have, 


4 2 
17,576 = P ( 1 + a) 
| | 100 / » | 
which is the same equation as we have obtained -above. ] 
Exercise 3.2 


1. A farmer increases his output of Jowar in his farm every year 
8 %. This year. he produced 2,187 quintals of Jowar in his 
farm. What was the yearly produce of Jowar two years ago ? 
2. A piece of machinery was purchased by a factory. In the balance 
sheet prepared at the end of every year, the value of the 
machinery was shown after successive depreciation of 10%. At 
the end of the second year the value of the machinery in the 
balance sheet was shown at Rs. 12,960, What was the cost 
' price of the machinery ? | | 


 & 


3. A person deposited a certain‘sum of money in a Savings Bank 
at 12% interest per annum. Instead of withdrawing the interest 
‘at the end of a year he allowed it to accumulate it in his 
account. At the end of the second year he had to his credit 
an amount of Rs. 12,544 in his account. How much amount 
had he deposited ? | 

4. A shopkeeper increases every month his sales by 5% over 
those of the previous month. His sales in August 1982 were 
Rs. 5,292. What were his monthly sales in June 1982 ? 


Illustrative Example - 2. 

In a certain examination 70°% of the students passed in Science 
and 65°/ in Mathematics. The percentage of students. failing in 
both the subjects was 22. The number of students passing in both 
the subjccts was 684. Find the number of students that appeared 
at the examination. _ 


SBSROSSSEEUFRSSOe eee EYP 
SOUCRREGECRREAHGReRAEER 
Sa08 


| = Passed in Science 


SPSPSEVSSSSEIESEESS, 


SSeSTeeiSEreeeeeeacits ([[[I]| Passed in Mathematics 
: Hi: Passd in both Science and 
accusngeccssccasneecgeasee Maths. 
{| Failed in both Science and 
Maths. | 


Fig. 3.] 


Let us assume that 100 students appeared at the examination. 
Let this number of students be denoted by a rectangle. The 
number of students who failed in both the subjects is 22 and in 
the diagram it is represented by the blank strip in the rectangle. 
The number of students who have passed at least in one subject, 
i.e. the number of students who have passed in Science or in 
Mathematics or in both is 100—22=78. Out of these students, 
those who have passed in Science are 70. This number is represented 
by the portion of the diagram shaded horizontally. The number 
of students who have passed in Mathematics but who have failed 
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in Science is 78 — 70 = 8. The number of students who have _ 
in Mathematics is 65. So, the number of students who have passed 
in Science but failed in Mathematics is 78-65 = 13. | 7 

The portion of the diagram which is shaded vertically shows the 
number of students passing in Mathematics. The number of students 
who have passed both in Science and Mathematics is covered by 
the doubly ( both horizontally and vertically ) shaded portion and 
it is obviously 78 —(13+8 ) = 78— 21 =57.- 

This means that 571% of the students passed both in Science 
and Mathematics and their number is given to be 684. 

Now, if x is the number of students who appeared at the 


examination, then 
57 


x x — = 684 
100 | 
nie x= 684 x 100 _ 1200 
57 : 
«- 1200 students had appeared at the examination. 
Exercise 3.3 


1. In a certain town, the percentage of persons speaking Marathi 
is 82, while the percentage of persons speaking Hindi is 76. 
The number of persons speaking both Marathi and Hindi is 
5,544. If the percentage of persons unable to speak either of 
the two languages is g°% what is the population of the town? 

[ Note : Use the following diagram and explanation below : 

seesereeeeaaaaseaeseseee EJ Speaking Marathi 
itis (Tl]Speaking Hindi 

FR Speaking both Marathi 

[ and Hindi 

[-__] Unable to speak ~ either 


Marathi or Hindi. 


Fig 3.2 
Let x be the population of the town. 


Then x x C6 = 5,544. ] 
100 
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ry 38°%, of the students of a school play hockey, 27% of the 
students play football and the number of students who play 
both the games is 184. The number of students who neither 
play hockey nor football is 58. What is the student population 
of the school ? 

3. 1365 students appeared at an examination in two subjects 
English and Mathematics. 43% of them passed in both the 
subjects. 65°, of the students passed in:Mathematics while 58% 
passed in English. Find the number of students failing in both 
the subjects. . | 

4. 1820 students appeared at the theory and practical examinations _ 
in physics at the graduation level. Percentage of students failing 
in both the parts was 12. Only 65% of the students passed 
in theory, while 78° passed in practicals. Degrees were awarded 
to those who passed in both the parts. Find the number of 
students who received the degree ? | | 


Illustrative Example -3 


A pharmaceutical dealer has 200 grams of insecticide of 30% 
concentration. He added to it some quantity of 5% concentrated 
insecticide and obtained a mixture of 10°%% concentration. What _ 
quantity of 5% concentration did he add ? — 

While solving such examples we should bear in mind the. 
following two important facts : ' 

(1) (weight of the first solution ) + ( weight of the seen 
solution ) = ( weight of the mixture ) 

(2) ( weight of the solute in the first solution ) + ( weight 
of the solute in the second solution ) = (weight of the solute in 
the mixture ) 

Let the quantity of insecticide added of 5% concentration 


bé x grams. 
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Weight of solution 
Percentage of solute 


Weight of solute 


- 200x 

es 200 X 30+ 5x =(20+x)x10— 
es 6000 + 5x = 2000+ 10x 
ce | 4000 = 5x 
ee 800 =x 


.. the weight of insecticide of 5% concentration was 800 grams. 
Illustrative Example - 4 = 
A dealer mixed some 32% alcoholic solution with some 12% 
_ alcoholic solution to obtain 300 grams solution of 20% concentration. 
Find the quantities of 32% and 12% concentration solutions. 
| Let the quantity of 32% solution be x grams. The total 
mixture obtained is 300 gm. So, the quantity of 12% solution 


is (300-—x) gm. 
Percentage of alcohol 


xx 32. 


Weight of solution 


Weight of alcohol 


ox x 32 + (300 — x) x12 
100 100 


“. 32x+12(300-x) =300x 20 
o. 32x 43600-12x = 
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oe 2 20x = 2400 - 
ae = 120 
", the 32% solution was ee gm, and 
the 12% solution was ( 300— x)= 300 — 120= 180 gm. 


: Exercise 3.4 | 

- 80 grams of 5% Boric Acid solution was added to some quantity 
of 12% Boric Acid solution, to obtain a mixture of 10% 
‘concentration. What was the quantity of the 12% solution ? 

. A dairyman wants to:mix some 3% fat milk and with some 
8% fat milk to obtain 50 litres of 6 % fat milk. Find the 
quantities of 3% and 8% fat milk he should mix together. . 
. Some quantities of alloys containing 30% and 55% of pure 
silver were melted together to obtain 400 grams of. an alloy 
containing 40% of silver. Find the quantities of the 30% and 
55% alloys. | 

. In a laboratory there is 25 grams of 8% hydrochloric acid 
solution. How much 20% hydrochloric solution should be added 
to it to obtain a 12% solution ? | 


Miscellaneous Exercise — 3 


. Asgaralli purchased a T. V. set for Rs. 4,500 and sold it to 
Subhash at a profit of 12%. Subhash then sold it to Suresh_. 
at a profit of 5%. How much percent more did Suresh pay 
than Asgaralli for the set 2 

. 3500 students were sent up by a district for the competition 
at the state level. 40% of them were successful. These successful 
students were then sent up for the competition at the national 
level. 3% of the students sent up were selected at the national 
level. How many were they ? What percentage of the students 
sent up from the district were selected at the national level ? 

. In a forest there were 30,000 teakwood trees two years ago. 
Due to severe cutting of trees, the number of trees reduced 
every year by 6%. How many teakwood trees are there now 
in that forest ? | 


47 


. Applicants for service in a bank were subjected to an examination 
in English and Mathematics. 39% of the candidates passed in 
English and 75% in Mathematics. 18% of the candidates failed 
in both the subjects. If the number of candidates passing in 
both the subjects was 219 who were taken up in service, how 
many applicants were there ? 

. Due to industrialisation, the population of a city went on increasing 
by 7% every five years. The present population of the city is 
1,14,490. What was the population 10 years back ? 

. A 16% increase in the bus fare resulted in a 6% decrease in 
passenger traffic. Even then. the daily collection of a bus depot 
increased by Rs. 5,424. Find the daily collection of the depot 
before the increase in the fare. _ 

. In 150 litres of 3% fat milk some quantity of 3% fat milk 
was added to get a mixture of 6% fat milk. How many litres 
of 3% fat milk was added ? 


. Two alloys containing 30% of chromium and 8% of chromium 
were melted together to obtain an alloy weighing 250 grams and 
containing 19° chromium. Find the quantities of the two alloys 
melted together. 


. The rates of tickets for admission to a drama were increased by 
40%. So, the audience was reduced by 25%. Even then, the 
collection of the theatre for one day increased by Rs. 130. What 
was the former daily collection of the theatre ? 

10. In a certain village, 2460 hectares of land is agricultural land, 
out of which 57% is for the wheat crop, 52% for Jowar 
crop and 36% for crops other than wheat and Jowar, during 
different seasons of a year. How much land comes under the 
category of producing wheat and Jowar both ? 
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Chapter - 4 


Partnership 


For starting a sizeable business or for expanding the working 
of an already existing business, a large capital is needed. Many 
times one person only cannot provide such a big capital. So, more 
than one person desirous of making profit, come together and 
bring in the required capital, to start a business or to expand a 
running business. The business run by more than one person after 
bringing in their capitals, is called a Partnership , and the persons 
involved in it are called its Partners. They are entitled to a part 
of the profits, if any, as well as they also have to bear the part. 
of losses that may be incurred. | | 

In our every-day life in our vicinity, we are able to observe 
various kinds of businesses run in partnrship. We should know how 
profits or losses are divided among the partners in these partnerships. 

In general, the distribution of profits in a partnership business 
is made at the and of a year. In making this distribution the 
following main points are observed and provisions to that effect 
are made in the partnership agreement. 

(1) Capital invested in a partnership, 

(2) the period for which the capita] is invested, 

(3) the capacity and knowledge of a partner regarding the 

business, 

(4) the time spent by a partner for tne business, 

(5) the special efforts made by a partner for the enhancement 

of the partnership business. 

For the present we are going to take into account only two 
of the above things, viz. the capital invested by a partner and 
the period for which it is invested, and how the facts determine 
the distribution of profits. For that purpose, let us understand that— 
| (1) If the periods for which the capitals of two partners 
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remain invested are the same, then the profits or losses are distributed 
in proportion to the capitals invested- 

(2) If the capitals invested by two partners are equal, then 
the profits or losses are distributed in proportion to the periods 
for which they stand invested. 

(3) When the amounts of capitals and also the periods 
for which they stand invested are both different, then the 
distribution of profits or losses is made in proportion to the products 
of the capitals and their respective periods. 


Illustrative Example - 1 

- Shiva and Bhiva invested Rs. 10,000 and Rs. 15,000 respectively 
in a farm for a year. At the end of the year a profit of Rs. 5,460 
was made. Find the share of each in the profit. 
‘Let_the shares in the profit of Shiva and Bhiva be Rs. x and Rs. y 
respectively. | | | 

Since the period of investment is the same, the distribution 
of profit is in proportion of the capitals invested. 


x _ y. 
10,000 ~—- 15,000 
one =e —_J _ x+y _— 3460. = 1092. 
a 3 5 5 
.. Shiva’s share in the profit= x = 1092 x 2 = Rs. 2184, 
and Bhiva’s share in the profit =y =1092X3=Rs. 3296. 


Illustrative Example - 2 


Ratilal, Shantilal and Manilal started a grocery in partnership 
by investing Rs, 12,000, Rs. 18,000 and Rs..24,000 respectively. 
Find the share of each in the annual profit of Rs. 2,700. 

Let the shares in-the profit of Ratilal, Shantilal and Manilal 
be Rs. x, Rs. y and Rs. z_ respectively. 

Periods of investment being same, distribution of profit is in 
proportion to the investments. | 
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x — y z 


"12,000 ~=—«-:18,000~—si«é4 0000 | 

x sy z —xtyt2_ 2700 

ee SSC lOO EL lOO PF CED SO = 34 
2 3 4 9 9 


*, Ratilal’s share =x=300 x2=Rs. 600, 
Shantilal’s share = y = 300X 3 = Rs. 900, and 
Manilal’s share =2= 300x4=Rs. 1,200 

Exercise 4.] 


1. Abdul and John invested respectively Rs. 450 and Rs. 630 for 
the seasonal business of crackers. They made a profit of 

| Rs. 228 in the same. Find the share of each in the profit. 

2. Ramsing, Basappa and Karim purchased a goods transport truck 
by investing Rs. 25,000, Rs. 30,000 and Rs. 35,000 respectively and 
started goods transport business. At the end of a year the the busi— 
ness made a profit of Rs.28,800. Find the share of each in the profit. 

3. A, B and C started a business in partnership by investing of 
4,000, Rs. 5,000 and Rs. 6,000 respectively. At the end of a 
year, they found that they have incurred a loss of Rs. 1,350. 
Find how much loss each one had to bear. 

4. Raman, Madan and Arun open a cloth stores after bringing 
in Rs. 13,500, Rs. 10,500 and Rs. 18,000 respectively. In a year’s 
time they made a profit of Rs. 1,680. Find the share of profit 
of each one of them. 

Illustrative example - 3 
Ramanbhai started a stores by investing a certain capital. After . 

2 months he admitted Vallabhbhai as a partner who invested the 
same amount: Taking into consideration the need for more capital 
for the expansion, they invited Chimanbhai into their partnership 
after 4 months, on condition that he brings in the same amount 
of capital as they had. At the end of the year when accounts 
were finalised, they showed a profit of Rs. 8,400. Find how much 
profit each of the three got. 
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Let the shares in profit of Ramanbhai, Vallabhbhai and 
‘Chimanbhai be Rs. x, Rs. y and Rs. z respectively. 

Since the capitals are equal, the distribution of profit is in 
proportion to the periods of investments. 


‘ x ee _& 

(2 0 6 

is Pcs = = se. lt IT es 8400 
12 10 6 28 28 


8400 


_«« Ramanbhai’s share in the profit = x= xX 12= Rs. 3,600 


Vallabhbhai’s share in the profit = y = X10 = Rs. 3000 . 


and Chimanbhai’s share in the profit = z= a x 6 = Rs. 1800 


Exercise 4.2 


1. A,B and C having brought in,the same amounts started a business 
in partnership. But after 4 months from the start A withdraw 
his capital and left. After another 6 months B also left the 
‘partnership. At the end of the year, there was a net profit 
of Rs. .3,900. How is this profit to be divided among A, B 
and C ? | | 

2. Chandu and Krishna own the same number of cows. They 
hired a pasture on an annual rent of Rs. 4,800. Chandu grazed 
his cows for the first four months then Krishna grazed his cows 
for next five months and again Chandu grazed his cows in the 
pasture for the remaining period of the year. How much rent 
should each of them pay ? : 

3. A, B and C each invested Rs. 16,000 and _ started a general 

_ provision stores. After four months from the start A left and 
after another five months B left the partnership. At the end 
of the year the accounts disclosed that there was a loss of 
Rs. 6,900 in the enterprise. How much loss should each of the 
three bear ? 
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4. Sudhakar started a business on an investment of Rs. 2,000. 
After three months, Madhuker joined him in partnership with 
a capital of Rs. 2,000. After another three months Anil joined 
them bringing in Rs. 2,000. At the end of the year the business 
showed a loss of Rs. 675. So they dissolved the partnership. 
How much amount after deducting the losses, did each of 
them get back ? | 
Illustrative Example - 4 | 
_ Krishna opened a small-scale industry of manufacturing note 
books, by investing Rs. 2000. Due to the paucity of capital, he 
invited Gopal into partnership after 4 months and he brought in 
Rs. 1,500. At the close of the year they had made a profit of 
Rs. 1,050. How should they divide the profit between themselves ? 
Let the shares in profit of Krishna and Gopal be Rs. x and 
Rs. y respectively. 
~Since the amounts as well as the periods of the investments 
are both different, the distribution of profit will be in proportion 
to the products of the amounts and periods of the capitals. 


x y 
2,000 X 12 1,500 x 8 
; x ay aise 
"24,000 12,000 
. x y x+y 1050 
eS = 350 
a I 3 3 = 


. Krishna’s share in the profit = x = 350 2 = Rs. 700, and 
Gopal’s share in the profit = y = 3590x 1 = Rs. 340. 


Exercise 4.3 

- 4. Radhakisan started a cycle-repairing shop investing Rs. 1,600. 
After two months he admitted Appa pawar into partnership on 
condition of his investing Rs. 2,000. Accounts were settled 
after six months and they showed a profit of Rs. 990. Find the 
| "share of each of them in the profit. 

2. A started a business with a capital of Rs. 2,¢00. After 5 
months B accepted his partnership with a capital of Rs. 1,800. 


53 


After 9 months from A’s starting the busisiess, C joined the 
two with a capital of Rs. 1,200. At the close of the year the 
business realised a profit of Rs. 2,010. How much share the 
in this profit will C get ? 

. Gautam and Sukhadeo hired a pasture for a year on a_ rent 
of Rs. 1,320. Gautam grazed his 18 cattle for 8 months and 
Sukhadeo grazed his 30 cattle for the remaining period of the 
year. How much rent should each pay ? 

- Popatilal and Gulabshet started a busimess in partnership by 
bringing in Rs. 12,000 and Rs. 15,000 respectively. Gulabshet 
left the partnership after 6 months. After 2 months since then 
Rasiklal joined Popatlal in partnership, investing Rs. 10,000. 
At the end of the year, the accounts showed a net loss of 
Rs. 8,220. How much loss had Gulabshet to bear ? 

. Abeed and Sayeed started a business in partnership with Rs. 1,700 
and 1,500 as their capitals respectively. After 6 months Sayeed left 
the partnership. So Abeed brought in Rs. 1,100 more in the 
business. At the end of the year the business realised a profit 
of Rs. 1,260. What amount of the profit should Abeed get ? 


Miscellaneous Exercise 4 

. A and B formed a partnership by investing Rs. 7,500 and 
Rs. 4,500 respectively. At the end of the year their business 
showed a profit of Rs. 1,440. What is the share of each of 
them in the profit ? 

. Alfred, Allabaksha and Amin opened a store in cannenhis by 
investing Rs. 5,200, Rs., 6,500 and Rs. 7,800 respectively. At 
the end of the year they earned a total profit of Rs. 4,485. 
Find the share of profit of each of them. 

. Mahadu Patil and Anna Gabale hired a truck for a year for 
trarisport of goods, on an annual rent of Rs. 21,000: Mahadu 
Patil transported goods for the first three months and then Anna 
Gabale took over for the mext seven months and then again 
Mahadu Patil took over for the last two months. How much 
‘ rent should each of them pay ? 
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Manikchand invested Rs. 5,000 for six months and Gulabchand 
invested Rs. 9,600 for seven months in a certain business. They 
incurred a total loss of Rs. 1,458 in the venture. How much 
of his capital would each get back after bearing the fosses ? 
Three shepherds Mahadu, Sudama and Harba_ hired a pasture 
on a rent: of Rs. 1,065. Mahadu grazed his 20 sheep for 9 
months, Sudama his 24 sheep for g months and Harba, his 
28 sheep for 7 months. How should they divide the rent 
among themselves ? | 

In a certain trade, A had invested Rs, 4,900 for 8 months 
and B had invested some amount for 4 months. There was a 
total profit of Rs. 1,750 in the trade, out of which A got his 
share of Rs. 1,000. What was B’s capital ? 

Dadasaheéb and Babasaheb started a busainess in partnership 
after investing Rs. 15,000 and Rs. 24,000 respectively. Out of 
the profits, Dadasaheb got Rs. 4,500 while Babasaheb had his 
share of Rs. 4,800. If Dadasaheb had kept his investment for 
6 months, how long did Babasaheb’s investment remain in the 
business ? 

Babuset ran a grocery for 8 months by investing Rs. 20,000. 
Maganshet had joined him for 6 months in partnership Out | 
of the total profits in the partnership, Babushet got Rs. 2,500 
while Maganshet got Rs. 1,500. How much capital had Magan-— 


_shet brought in ? 


10. 


_A and B sstarted a business in partnership investing same 
amounts. They made a total profit of Rs. 5,600. A got Rs. 3,200 


out of the profits for his investment for 8 months. For how 
long did B invest ? 

Shri Joshi invested Rs. 6,000 in a certain business for some 
time and Shri Rathi invested Rs. 5,000 in the same business 
for the remaining period of the year. At the end of the year 
shri Joshi received Rs. 1,500 as his share out of the total 


profit of Rs. 3,250. Find the periods for which each one of 


them had invested their monies. @eeee 
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Chapter 5 
Graph 
§ 5.1 


Take a horizontal line in the plane of paper. Take a point O 
on the line L and take another point A to the right of O. Let the 


O A. 
ranean oe aan aie 
| Fig. 5.1 
points O and A correspond to the numbers O (zero) and 1 
respectively. Let us assume the distance between O and A to be 
1. On the line L,. to the right of the point A and at a unit 
distance from it, take a point B. Take a point C to the right of 
B and at a unit distance ‘from it, | 


O A B 
0 1 2 
Fig. 5.2 


Which numbers will correspond to the points B and C ? To 


the numbers 2 and 3 réspectively, 
Similarly on the line L and to the left of the point O, let us 
take point P, Q, R corresponding to the numbers —1, —2 and —3. 


R @ P 0 AMB C 
-3 -—2 -1 0 1 2 3 
| Fig. 5.3 | 
Which number corresponds to the point M the mid-point of 
seg AB? 13 or ].5. 
Points O, A and B of the line L are said to be ‘ graphs ” of 


the numbers 0, 1 and 2 respectively and the numbers 0,1 and 2 
are said to be ‘ coordinates’ of the points O, A and B respectively. 


L 
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Name the points whose coordinates are — 3,—1 and 3. 

What are the coordinates.of the points 'Q, B and O ? 

As the line is indefinite in length we can graph each real number 
on it: For each real number there is one and only one point on 
the line L. Moreover, if any point on the line L is taken, then it 
will correspond to one and only one real number. Such a line L is 
called a ‘ number line ’ and the point whose coordinate is zero 
is known as the origin. | 

| 7 0 1 , ‘ 

| Fig. 5.4 

Show the numbers 2, — 3, 2.5, —0.5, 4.5 on the above number 
line XY. | | 
§ 5.2 | 

On any numbers line positive numbers are shown on one side 
of the number zero and that direction ( side ) of the line is called 
the positive direction and the direction opposite to it is called 
the negative direction. 


B fe) A v 
pe EEE 
| a ee 
P 
. 
O+0 
Q 


| *Fig. 5.5-— 
Decide positive direction of each of the above lines. 
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State the coordinate of 
the point R on the number 


JR . 4 line X and the coordinate 
012 of the point Q on the 
| Fig. 5.6 | Q number line Y in fig, 5.6 
§ 5.3 ae 
Determine the position O 1 *p 
of the point P in the 
adjoining figure 5.7 Fig, 5.7 


If a point lies on the number line its position can be deter- 
mined. In fig 5.7 the point P is not on the number line, and 
hence its position cannot be determined by a single number line. 
Let us see an example which will enable us to determine the position 
of a point in a plane. 

Teacher asked Ahmed, “ Where do you sit?” Ahmed said, 
“Sir, I sit in the 5™ row.” | 

You will easily understand that this information is not sufficient 
for determining Ahmed’s seat. | 


ES abst 4 rH WH BH HY wo oC 
Pam oom Dw fF a oo 
= Mohan Sheela 7 
ie re rj = Cc39 Co fC) a ee | 
os: a ary | 
S 20) <= mow HH WH & 
2 Gautam Jamshe 
SLO fF CI} Co fC oO OH WH C3 
= “44 “34 24 “14 Ot 14 24 34 44 
z, - be 

Numbers of the colomns Teacher 
Fig. 5.8 


Let us give serial numbers to the rows and columns as shown 
in the figure. It will enable us to determine seat numbers. Let 
the columns to the right of the teacher be serially numbered 
as ], 2, 3,4 and to the left as —1, —2,-3, —4. Number of 
teacher’s column is Q (zero). Let us number the first row in front 
of the teacher as 1 and the following successive rows as 2, 3, 4 
and 5. While stating seat number first mention the column number 
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and then the row number. Ahmed’s column number is — 3 and 
his row number is 5; hence his seat number is ( - 3, 5) 


What is Mary’s seat number ? Her column number is 2 and 
row number is 3; hence her seat number is (2, 3). 

Whose seat number is (3,2) ? 

Note that (2, 3) and (3, 2) represent two different seats. The 
numbers in such pairs carry different meaning according to the order 
in which they occur and hengg, such pairs of numbers are called 
‘ ordered pairs ’. The first number in the ordered pair shows the 
column number and the second shows the row number. 

Determine seat numbers of Sheela, Jamshed and Mohan. 

In the given diagram, insert the seat numbers (0, 2), (—2, 1) 
and (— 1, 3) in proper places. | 

The above example illustrates the need of two number lines 
- which are mutually perpendicular (one horizonta] and the other 
vertical ) for determining the position of a point in a plane. 


Let us take a horizontal 
line X and a line Y, perpe- 
ndicular to it, as shown in 
the figure. The point of 
intersection of these lines 
is taken as the origin, 
the direction to the 
right of the origin is 

taken as the positive direc- 
tion of X-—line ( which 
means that the direction to 
the left is negative ) and 
the direction above the 
origin is taken as_ the. 
positive direction of the 
Y — line ( which means 
that the direction below 
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it is negative ). Let us take a point on each line X and Y, 
equidistant from the origin and both in the positve direction. 
Associate these points with the number } and the origin with 
the number 0 (zero). Now the X and Y-lines are number lines. 
On these lines, let us plot the points corresponding to the numbers 
2, 3,4, .... and —- ],—2,— 3, ..... We call these lines as X - axis 
and Y - axis, Now can we determine the position of a point in 
the plane of these axes ? To determine the position of a point 
P, draw perpendiculars from it on boty axes. Observe the coordinates 
of the foot of the perpendicular on both axes. In the figure we 
can see that the coordinate on the X-axis is 3 and on the Y — axis 
is 2. The coordinate of the foot of perpendicular drawn on the 
number line X¥ from the point P is the x-coordinate of the 
point P and the corresponding coordinate on the number line 

Y ( axis ) is called its y-coordinate. Here x-coordinate of the point 
P is 3 and its y-coordinate is 2. This can also be said as the 
point coordinates of the P are (3,2). 

Thus we can say that, two number lines are required for fixing 
the position of a point in a plane. From the figure 5.9 it is 
obvious that the coordinates of the point Q are (2, 3). The first 
number 2 in the pair is the x — coordinate and the second number 
3 is the y-coordinate of Q. Note that two different points in a 
plane are represented by the coordinate pairs (2, 3) and (3, 2). 

Determine the coordinates of the points T, M and N, 

‘ It can be easily seen that the x-coordinate of the point R 
on the X-axis is — 2. What is its y-coordinate ? X-axis is 
perpendicular to the Y-axis at the origin. Hence y-coordinate of 
the point R will be zero, which means that the coordinates of the 
point R are (— 2,0). In this way we can determine the position 
of any point in a plane. 

Can we show where the point A with coordinates (3, —2) lie 
in the plane ? We have to plot the graph of A (3,-2). The 
x- coordinate of the point A is, 3 and_ its y-coordinate is — 2; 
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hence draw perpendicular 
to the Y-—axis at the 
point 3 and perpendicular 
to the Y — axis at the point 
—2. The point of inter- 
section of these two perpen- 
dicular-lines is the graph 
of A (3, —2), In this way 
we can alway find one and 
only one point in a plane 
corresponding to the given 
pair of real numbers. 


From the above discus- 

Fig. 5.10 sion we can see that there 

iS a one-to-one correspondence between the points in a plane and 

the pairs of real numbers formed by two mutually perpendicular 

number lines. In this way, for determining the position of the 
points in a plane, a coordinate system can be established. 


§ 5.4 Quadrants and coordinates of Points : 

The four parts (as shown in the figure) in which a plane is 
| divided by X and Y¥ - axis 
are known as the quadra- 
i nts. Starting from the right 
hand top corner and 
moving in anticlockwise 
direction the quadrfants 
which we come across are 
called as first (1), second 
(II) third (III) and 
fourth (JV) quadrants 
respectively. P(3, 1) is in 
the first’ quadrant. The 
signs of the coordinates 


of the points Q, R and S characterise the quadrants in which 
‘they lie, It is shown in fig. 5.12. In which quadrant will the 
point whose x -—coordinate is negative and y-coordinate is positive 
lie 2? In which quadrant will the point whose x-coordinate is 
positive any y-coordinate is negative lie ? In which quadrant will 
the point T (—4.— 3) lie ? 


| BHT 
cece = 


Fig 5.12 Fig. 5.13 — 

In the figure 5.13, points 4, B and C are on the X - axis. Note 
that the points on the axes do not belong to any quadrant. The 
x-coordinate of A is 2 and its y-coordinate is 0. What are 
y -coordinates of the points B and C ? 

The y-coordinate of any point on the YX - axis is Zero. 

By considering x- coordinates of few points on the Y - axis, we 
can easily see that the x - coordinate of any point on the Y - axis 
IS Zero. 

As the origin lies on both axes, both of its coordinates are 
zero. Hence the coordinates of the origin are (0,0). 

For determining coordinates of a point in a plane or conversely 
for plotting the point if the coordinates are given, we have to 
draw perpendicular lines to both axes. Our labour is considerably 
saved if we take a paper on which are drawn horizontal and 
vertical lines at equal distances. Such a paper, having previously 
drawn horizontal and vertical lines at equal distances, is known as 


a graph paper. 
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Exercise 5.1 


1. (1) State the coordi- 
nates of the points 7, M 
QO, P, A, B, Uand V. 

(2) To which quadrant 
or to which axis do the 
above points belong ? 

2. Taking ] cm = ] unit 
on both axes, take a 
coordinate system on _ the 
graph paper and plot the 
following points on it. 
Write in pencil the coordi- 
nates of each point by its 
side. A (2, 5), B (— 4,3), 
C (2,-5), D (0,4), 

Fig. 5.14 E(-5,0), F ( 1.6 52.8 ), 
G(- 24,3), H(4,- 3.2), 1(—3, 2.2), O(0, 0). 
3. State to which quadrant or to which axis do the following 
points belong ? 


(3,4), (0,2), (-3,-5), (-7, 0); (6,3), (0; -5) (-2 5)s 
(1.5, 2 (V2, —3 ); (-V/3 ; 0 )s ( 1.5, —2.3 )s (0, 0 )s (-VJ/3, / 2); 
(-/2, —1/3). | 
4. Complete the following statements, 

(1) coordinate on any point on the X-axis 1s zero. 

(2) The point whose x-coordinate is —5 and y-coordinate is. 
4 lies in the quadrant, 

(3) The point (—2,—5) lies in the | 

(4) The point having its x-coordinate zero will lie on the——axis. 

(5) The coordinates of the origin are 
5. Refer fig. 5.14. 

(1) What is the x-coordinate of each of the following points 
M, P, T, S and V? Draw a line passing through each of them. 


quadrant. 
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To which axis is the line parallel ? What will be the x-coordinate of 
point D ( other than the above 5 points ) belonging to this line ? 
(2) To which axis is the line passing through the points Q, 
+R, U and S parallel 2 One coordinate of all points on the line 
is the same. Which one is it ? What is it ? | 
§ 5.5 Lines Parallel to the Axes : | 
. : The line PZ in the fig, 
5.15 is paralell to the 
X-axis. Points P ( 3, 4), 
M(0,4), Z (-6, 4) and 
T(6, 4) are points on it. 
Observe that y-coordinate 
of each of these points is 
4. If we take any point 
on this line, its y-coordi-— 
nate is 4 and any point 
whose y-coordinate is 4 
lies on this line. This is the 
‘characteristic of this parti- 
cular line and_ therefore 
it is said that y = 4 Is the 


| Fig. 5.15 
equation of line PZ. In other words we can say that y=4 
represents a line which is parallel to X - axis and is at a distance 
of 4 units above it. 

If y=—3 is an equation of a line L, then to which axis is L_ 
parallel 2? To which side of the axis and at what distance from it 
does it lie ? 

Determine the equation of the line AB. To which axis is it 
parallel ? The equation of line AB is x =—3 and it ts parallel to 
the Y-axis and at a distance 3 units towards its left. Line repre- 
sented by x =6 will be parallel to the Y - axis and ata distance 
6 units towards its right. Observe that the equation of any line 
parallel to the Y - axis is of the form x= a. If a is positive the 
line lies towards right of the Y-axis and if a is negative then 
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it lies towards left of the Y-axis. If @ is zero then it will be 
neither to the left nor to the right of the Y-axis, which means 
that the line will coincide with the Y- axis. Hence, x =0 is the 
equation of Y - axis. 

Similarly equation of X-axis will be »y—Q. Recall that the. 
y-coordinate of any point on the X-axis is zero. Equation of any 
line parallel to the X-axis is of the form y=b5 where b is a 


non-zero real number. 
Draw a line parallel to the 
Pf] X- axis through the point 


fo {of Sy P(2, 5). What is its 
equation ? 
|| fea | | | |} 2s 
What is_ the cquation 
ae of a line passing through 
“6-4-2 Of 2 4 6  %Q(-—4,2) and parallel to 
| 29 | the Y-axis ? 


=e 24 ed Find the coordinates of 

| eae rae the point of intersection 
| cee Pf ft | of the above two lines. 
| As the point lies on the 
Fig. 5.16 line x = — 4, its x- coordi- 

nate is — 4 and as it lies on the line y= 5, its y-coordinate is 5. ~ 


Hence the coordinates of the point of intersection of the lines. 
x=— 4 and y=5, is (-4, 5). 


Exercise 5.2 

‘4. ‘Take a coordinate system on the graph paper and plot the | 
following points. A(4, 5), B(2,5), C(0,5) and D (-4, 5). Are 
these points collinear ? If they are collinear draw a_ line passing 
through them and write its equation. _ 

2. What is the equation of a line passing through the points 
(-3, 5) and (—3, 2)? To which axis is it parallel ? 
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3. Refer the adjoining 
figure and answer the 
following questions. 

(1) Write the equations 
of the lines AB, PQ,QS | 
and RS. 

(2) Which line is repre— 
sented by the equation 
ars! | 

(3) State the coordinates 
of the point of intersection 
of line MN and line PR. 

(4) Write the equation — 


Fig, 5-17 


of a line which is parallel to X- axis and 5 units below it. 
4.-Write the equations of the following lines. 

(1) Line AB is parallel to the Y- axis and at a distance 4 units 
towards its right. 

(2) Line CD is ‘parallel to the X- axis and at a distance 
2 units below it. 

(3) Line PQ 1s parallel to the Y- axis and passes acouah the 


point (- 3, 5 ). 
(4) Line MN passes through the point (- 4,7) and is parallel. 


to the Y- axis. | 
5. Write the coordinates of the point of intersection of the lines 
as pairs of real numbers. 


(1) x=4, y=-2 (2) x=-3, y=2 
(3)x=0, y=-5 (4) x=0, y=0 
(5) x=-3, y=0 (6) x=-3, y=-5 


§ 5.6 Graph of Linear Equation in Two Variables : 


We have seen that the graphs of the equations of the form 
x =a or y=b5 are lines which are either the axes or lines parallel 
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to them. Now let us consider graphs of the linear equations invol- 
ving two variables x and y. 


Consider the equation y=2x 4+ 1. We know that solution of an 
equation in two variables is not unique. The value of y changes 
according to the value of x. If we put x=] 1n the equation 
y=2x+1 we get y=2X1+4+1=3. Hence (1,3) is one of its 
solution. Let us prepare a table of few solutions. 


From the above table we see that (1,3), (0,1) (-2,-3), 
(3,7), (4,2) are solutions of the equation y=2x+14. First 
number in the solution shows the value of x and the second 
number shows the value of y. We know that pairs of real numbers 
represent points in a plane and hence the graph of y=2x +1 will 
be a set of points in a plane. Plot the above point in your graph 
copy with a fixed coordinate system. Are these points collinear? 
Draw a line passing through all of them. 


Now let us study graphs of some specific equations. 
§ 5.7 Graph of y =x: | 


Copy and complete the following table on the right hand page 
of your graph copy. 7 | 


(x, y) | 7 (— 3, — 3) S| | 


With the help of the above table we get some solutions of the 


equation ya-x. (see third row of the table.) Take a _ coordinate 
system on the left hand page and plot the points corresponding 
to the above pairs. See figure 5.18. Are the points in the figure 


collinear ? Draw the line 
passing through them. See 
figure 5.19. There is an 
infinite number of points 
on the line which you have 
drawn. Take one such point 
P on it. coordinates of 
the point P in the figure 
5.19 are (7; 7). Verify that 
x=7 and y= 7 satisfy 
the equation y= x. Same 
thing will be observed for 
any other point of the line 

Coordinates of any 


point on the line satisfy the 
equation y= x. Conver— 
sely any point correspon- 
ding to a solution to the 
equation y= x will lie on 
the above line. Hence we 
can say that the line which 
is drawn is the graph.of 
the equation y=x, The 
equation y —x- and the 
line which 1s its graph get 
identified. The equation 
identifies the line and | Fig. 5.19 


conversely the line identifies the equation. Name the line as y= x. 
The line biseets the first and the third quadrant. Take a point A 
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the graph of y =x. Draw seg AM perpendicular to the X-axis. 
a. A.OAM formed by joining points O the origin, A and 
M an isosceles triangle ? Why ? What is the measure of the angle 
formed by the rays OA and OM? The line which is graph of 
the equation y = x makes an angle of measure 45° with the 
X-axis in the first quadrant. In other words this is said as-the 
line y = x makes an angle of measure 45° with the positive 
direction of X-axis. 


Let us see what is meant by ‘ angle made by a line L ( which 
intersects X-axis ) with the positive directton of X-axis.’ Take a 
point P on the line L and in the upper half plane of the X-axis. 
Let the point of intersection of the line L and the X-axis be Q. 
On the X-axis, take a point R which is to the right of Q. The 
angle formed by the ray QP and the ray QR ie. ZPOR is the 
angle made by the line L with the positive direction of X-axis. 


§ 5.8 Graph of y = -x : 
Prepare a table as shown below in your copy and complete it. 


yorx 
Ra e222 CER 
Cooai! Me ie ME ECs sg 
(oo tooo} | TT | 


Plot the points corresponding to the above solutions on the 
coordinate system of y = x. Are these points collinear ? If so, draw 
a line passing through all of them. Take a point on this line 
other than the points which you have plotted and see that the 
coordinates of the point satisfy the equation y = —x. Name the 
line as y = —x. The line which is the graph of equation y = —x | 
makes angle of measure 135° in the second quadrant with the 
positive direction of X-axis. This line bisects the second and fourth 
quadrant. | | | 
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_ Fig. 5.20 Fig. 5.21 

The graph of y= x is shown in fig. 5.19 and of youx is 
_ shown in fig. 5.20. Both graph are shown together in fig. 5.21. 
Following observations can be noted from the graphs of y= x 
and y= —X. 

(1) Both graphs are lines passing through the origin. 

(2) Graph of the equation y = x, except for the point (0, 0) 
lies wholly in the first and third quadrant whereas the graph of 
-y =-—-x lies in the second and fourth quadrant. 

(3) Both graphs are perpendicular to each other and they 
bisect the angles between the axes. 


§ 5.9 Slope of a Segment and Slope of a Line : 


Observe figure 5.22 (a). 
The x —coordinate of the 
point P (3, 5) and Q (3, 2) 
are same and hence P 
and @Q will lie on the 
graph of x = 3. Seg. PQ 
is parallel to the Y- axis 
and perpendicular to the 
X — axis. 


Fig. 5.22 (a) 
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In the figure 5.22 (b) 
segment joining the points 
R(2,3) and S (4,5) 
is not parallel to any axis, © 
it is inclined. Henee we 
say it has a slope and the 
segment which -is parallel 
to either axes has on slope. 


F ig. 5.22 (b) 


In Mathematics the word 
‘slope’ has a_ specific 
meaning. See fig. 5.22 (c). 
Slope of seg. MN is the 
ratio of the difference 
between y—coordinates of 
the points M and WN to 
the corresponding  differe- 
nce between their x— coor- 
dinates respectively. 


Slope of seg..MN =/2— 2. 


where x, 4 *, which. 
Sloe of seg. MN = Yi = Ye , where x,54x, which means that 


the x- co-ordinates of the points M and N should be different. If 
%,; = xX, then the segment is parallel to the Y-axis. i.e. it is 
vertical segment has no slope. 


Slop of any segment which is non-vertical can be always found. € 
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The line AP in fig.5.23 
is the graph. of y = 2x+3. 
Let us determine the slope 
of seg. AB of the line AD. 
If it is denoted by m, 


Fig. 5.23 
then m.-— (y- coordinate of A )—(y - coordinate of B) 
"(x= coordinate of A )—(x - coordinate of B) 
2-0 2 


Similarly let us obtain the slope m, of seg BD of the line AD. 
__(y-coordinate of B) —(y-—coordinate of D ) 


oe  (x-coordinate of B) — (x-coordinate of D ) 
= SoS) .. 373) 2 6 az 
0=—(=3) 3 3 


Here m, = m,. If we take any two points M and N on the 
line AD and find the slope of seg. MN, it will be found to 
be 2. Hence we can say that slopes of any two segments of 
_ the same line are equal. Hence slope of a line is the slope of 
any segment of it. Line PQ in the fig. 5.23 is the graph of 
y = —x+4. Let us determine its slope. Slope of line PQ means 
the slope of segPQ. 
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(y~coordinate of P) ~(y-coordinate of Q) 
~ (x-coordinate of P) — )  (x-coordinate of Q) 
oO 24 
2-4 «2-2 
Take another two points on the line PQ and determine the 
slope of segment joining those two points. It will be found to be -1. 
Observe figure 5-23. Slope of the line PQ is negative and it 
makes obtuse angle with the positive direction of the X-axis. Slope 
of the line AD is positive and it makes acute angle with the 
positive direction of the X-axis. | | 
To which axis is the line joining points D and R parallel? 
' (fig. 5-23). What is the slope of line DR? Hence we can say that 
slopes of lines parallel to the X-axis, as well as slope of the X-axis 
is zero. Slope of. lines making acute angle with the positive direction 
of X-axis is positive and the slope of lines making obtuse angle 
with the positive direction of the X-axis is negative. Lines parallel 
to Y-axis as well as the Y-axis have no slope. 


§ 5.10 Graph of y = mx : 

Take a coordinate system in your graph copy and draw the 
graphs of the following equations on it. (Make table for each 
equation. Plot atleast 5 different points for each graph.) 

yaRyX yxy 2x and y = 4x. 


Slope of seg PQ = 


= —I!1 


Fig. 5:24 
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Let us find slope of each line by considering coordinates of two 
points on it. | 


slope of y = 1x is 2-90 _ 1 
4-0 7 
. 4-2 

slope of =x IS = 
ad 4-2 | 
slope of y = 2v is ga0. a) 

7 1-0 
slope of y = 4x is oe. 2s @ 


What is the relation between the slope of the line and _ its 
equation ? All the above equations are of the form y= mx, 
-(m>o). Slope of each line is the same as the coefficient of x 
in the corresponding equations. If we observe each graph we find, 
that equations of the form y= mx, (m>Q) represent lines passing 
through the origin and making acute angle with the positive direc- 
tion of the x ~ axis. As the value of the slope increases the 
measure of the corresponding acute angle increases. 

Take a coordinate system, and draw graphs of the following 
equations. y=— 4x, y=-2x, y=>—-—x and y=-—3-x. 


Fig. 5.25 
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Find slope of each line by considering coordinates of two points 


of the line. | 
From the table given below we find that the coefficient of x in 


the equation of the form y= mx, (m<0) gives the slope of the 


corresponding line. 


Slope of the 
line 


( 1) Graphs of all these equations are lines passing through 
the origin (0, 0 ). | 


Each line is making obtuse 
angle with the positive direction 
of x — axis. As the value of 
slope increases (—4, —2, — 1, 
—1) the measure of the obttise 
angle increases. All these lines 
pass through the origin. 

Following observations should” 
be noted in respect of the graphs of 

the equations of the form y=mx. 


Equation ofa line 


(2) Slope of each line is equal to m. If m is positive then 
the line makes an acute angle and if m is negative the line makes 
an obtuse angle, with the positive direction of the x—. axis. 

(3) As the value of m increases from Q onwards the measure 
of the acute angle increases from 0° to 90°. When m is _ negative 
and it increases towards zero the measure of the obtuse angle 
increases from 90° to 180. 


Exercise 5.3 


1. State giving reason whether the angle made by each of the 
following lines with the positive direction of Y-axis will be acute, 


right or obtuse. 
(1) y = 2x Q)y=-tx aye 
(4) y-2x = 0 (5) 2y = 3x ()x=5 


2. Which of the following lines do not have slope and which 
of them have zero slope ? 


M*=5 @My=-4 @My=o0 (5) x =0-¥ 
3. If the points (a,4), (5,0), (—3,¢) and (5,d) lie on the 
graph of the equation y = — x, find the values of a, b, c and ad. 


4. Determine the slope of the segment joining points P (4, 2) 
and Q (—8,—4).Write the slope of line PQ. Plot the same points 
P and Q on a graph paper and draw the line PQ. Does it pass 
through the origin ? What is equation of line PO ? 

5. Refer fig. 5:24 and answer: the following questions. 

(1) Write coordinates of 
the point M. 

(2) Does line MN pass 

through the origin? 
4a8 (3) Find the slope of 
ze line MN and hence 

write its equation. 

(4) To which line in the 
figure, does the point 
(—4,4) belong? Write the 
equation of that line. 

(5) Write. the equation of 
line AB. | 

(6) Find a if the point . 

Fig 5:26 (3. @)lies on the 


| | ~ line AB, 

(7) To which line. do the following points belong? (-— 4, 2), 

(— 2,1), (2, -1), (6, —3). Write its equation. | 
(8) Write equations of (a) line AB (b) line CD (c) line MN @ 
_ line PQ. Order them according to the increasing measure of the 
angles made by them with the positive direction of the X-axis, 

6. Take a coordinate system on the graph paper and draw following 
graphs on it. (1) y= 2x; y=~-4x (2) y= —-2x; y = 4x 
(3) y= 3x; y=-—kx (4) y = -3x y= ty. Are the lines in 
each pair mutually perpendicular ? | : 
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We observe that graphs of the equations of the form y = mx 
and y= — _| x are mutually perpendicular. 
m 


If m)xm,=—1, the graphs of the equations y=m,x and 
y= m,x will be perpendicular to each other. 


 § 5.11 Graph of y= mx+h: 
Draw graphs of the following equations in your copy. Note that 
each graph is a line. Make tables as shown below and complete 


them. Determine the slope of each line. 


Slope of y=1x+3 is 
S35 2 


Fig. 5.27 


All the above equations are of the form y=4x+h. Is_ the 
slope of each of the above lines the same ? What is the relation 
between the slope of a line and the coefficient of x in the equa— 
tion? Are the graphs of the equations y=4x, y=4x+3 and 
y= 4x —5 parallel lines ? | 

The line corresponding to y= 3x + 3 intersects the y—axis in 

the point (0,3). We say that the line makes intercept 3 on the 

- y— axis. In which point does the line y = $x — 5 intersect the Y-axis ? 
The line y = 4x — 5 makes an intercept — 5 on the Y — axis. 
What is the intercept made by the line y = 1x +7 on the 
Y-axis ? | | 

We can say that the line y = 1x +h makes an intercept h on 
the Y-axis ? 

In the equation y = mx +h, m denotes the slope of the line 
and fh its intercept on the Y-axis. The equation y = mx +h is 
known as ‘slope — intercept form ’. 

If two lines have same slope but different intercepts on the 
Y-axis then they are parallel. 
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Examples : | 
1. State the slope and intercept on the Y-axis by the line 


represented by the equation y = —x+7. 
_ The above equation. of the line is in the slope —- intercept form 
(y = mth) | 

.. slope m = —] and intercept made on the Y-axis h = 7 


3. Show that the lines given by the equations y = x and 
y = x-4 are parallel. | 

In this example slope of each line is 1] and the intercepts on 
the Y-axis are different (Q and — 4). Hence the lines are parallel. 

3. Show that the line represented by the equation y~ 3 = x-—5 
passes through the point (5,3) and is parallel to the line 
represented by the equation y = x. 

The line will pass through the point (5,3) if (5,3) is a 
solution of the equation y—3 = x—5. Substituting x = 5 and 
y = 3 1m the equation, 


? - 

3-3 = 5-5; 0=0. 

Hence the line represented by the equation y — 3 =x — § passes 
through the point (5, 3). 

Let us find its slope. 

Yo3S XS se YS Xe 2 

.. Slope of the line = | 

Slope of both lines is | and the intercepts on the Y-axis are 
different. Hence the lines given by the equations y—~3 =x—5 

and y = x are parallel. | | 
4. Show that the line y—2 = 2(x—3) passes through the 
point (3,2) and is parallel to the line y = 2x. 

First verify that the line y-2 = 2(x—3) passes through the 
Point ( 3, 2). 

Then show that the slopes of the two lines are same but the 
intercepts on the Y—axis are different. 

Hence the line y—-2=2(x-—3) passes through the point 
(3,2) and is parallel to the fine y = 2x, 
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From the above example we can say that the graph of the 
equation y—y, =m(x—x,) passes through the point (x,,y, ) 
and is parallel to the graph of the equation y= mx. Or in other 
words slope of the line y—y, =m(x-—x,) is m and it passes 
through the point (x,,y, ). The equation y—y, =m (x~-—x,) 
is known as ‘ point—slope form’. 


5 Show that the lines y—1]=2 (x-4) and y -—1= 

3 (x -—4) are perpendicular to each other at the point ( 4,, 1). 

We know that the line y—y,; =m (x—x, ) passes through 
the point (x,, y, ) and is parallel to the line Y = mx, 

.. The line y—1 =2(x«—4) passes through the point (4, 1) 
and is parallel to the line y = 2x. 

Similarly the line y—1=-—4(x—4) passes through the point 
(4,1) and is parallel to the line y= — 4x. 

Slopes of the lines y=2x and y=—4x are 2 ande — % respec— 
tively. .°. product of their slopes = 2x (—2 5 )=-1 

.. The lines y= 2x.and y =~ }x are perpendicular to each other. 

, The lines y—1 =2(x-—4) and y~1 =—4 (x-—4), which 
are parallel to the lines y= 2x and y= ~}x, respectively, are per— 
pendicular to each other. | 

.. The given two lines are perpendicular to each other at the 
point ( 4, 1). 


§ 5.12 Intercepts on the Axes : 

_We say that the line y = mx-+h intersects the Y—axis in the point 
(0,4) or the line y = mx +h makes an intercept h on the Y-axis. 
Hence for finding intercept made on the Y-axis by any line, 
we must put x =Q in its equation and find y. (x — coordinate 
of any point on the Y-axis is zero. ) 

Examples :— 

1. Find the intercept made by the line 2y — 3x = 7 on the Y-—axis, 

As the slope of the line is not required, we need not bring 
the equation in the slope — intercept form. 
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Putting x= Q in the equation 2y—3x=7 we get 2y = 7 
.. y= 4, which means that the line makes intercept { on the 
Y— axis. | | 

If the intercept made by the line on the X—axis is required, 
we should put y= 0 in its equation. Putting y =0 in the equation 
2y —3xX=7 we get —3x=7 .. x =—~1 i.e the intercept made 
by the line, on the X-axis is—{ and on the Y-axis is. 4. In 
other words the line 2y —3x=7 intersects X—axis in the point 

—1,0) and the Y—axis in the point (0, 2). 


2. Find the intercepts made by the line i + sal on both axes. 
For finding intercept made on the X— axis put y = 0 in the 
equation halen Y ee Bug | ree ae 
2 3 2 


Hence intercept on the X — axis is 2, 


For finding intercept made on the Y-axis put x=Q inthe 
equation — 47 = l ace Sf as yeas 
(2 3 3 
Hence the intercept on the Y-axis is 3. 


.- The line = + = = 1 makes intercept 2 on X— axis and inter— 


cept 3 on the y— axis. 

With the help of the above example can you say what intercepts 
will the line ~ + — = }, make on both axes ? 

Let us call intercept made on Y-axis by a line as_ the 
X-intercept and on the Y- axis as the Y-— intercept. | 


X— intercept of the line ees = | is a and the Y— intercept is 5. 
a 
: x ; 
The equation — + 7 = ] 1s known as ‘ two intercepts form.’ 


3. Write the equation of a line passing through the points 
P(2,3) and Q (4,7) in the points slope form. | 
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We know that the equation of a line passing through the point 
(x,>y,) and having slope m is y—y, = m(x-x, ). 
.. The equation of a line passing through the point (2,3) 
and having slope m is y—3 = m(x-2). 
Now let us determine the slope: m. | 
(y-coordinate of P)-(y-coordinate of Q) 
( x-coordinate of P)-(x-coordinate of  @) 
ee ae ee —-4 _ 
a ey See ee 
-- The equation of a line passing through the points P (2, 3) 
and Q(4,7) is y-3 = 2(x—2). 
4. Find the equation of a line passing darougt the points 
P(x,,9, ) and Q (x9, yo). 
_ Equation of a line passing through the point (x,,y,) and 
having slope m is y—y, = m(x-—%X, ). | 


Slope of seg PQ= 


slope of seg PQ. — 17 V2 
. The equation of a line passing through P(x1;,y1) and 
Q(x,y,) is y-y, = 2122 (x-x,). 


"6. Write the equation 2x —3y+5 = 0 in the slope - intercept 
form and find the afoRe and the pees of the line represented 
by it. . eS, ee dee, 
2x-3y+5 = 0 | | 
“. —3y = —2x—-—5 (adding — 2x—5 to both sides ) 
3) 3y = 2x+5 (multiplying both sides by ~1 ) 
a y = 3x+4. (dividing both sides by 3) 
.. slope of the line is 2 and the Y-intercept is 3.“ : 
6- Find the slope and Y-intercept of the line represented ve 
the equation. Ax+By+C = 0 
Ax+By+C = 0 
.. By = —Ax-C 
| Cc 


A | 
If B th Sh 1 a ae. ne 
-O i y az . 
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Now the equation is in the form y = mx+h. Hence the slope 


=— a. and the Y — intercept = — c ; 
B B 


If B = Q. then the: equation is Ax+C=0Qiex=- & ‘ 


This means that the line is parallel to the Y-axis. 


We know that the lines parallel to the Y-axis as well as the 
Y-axis have no slope. 


A 


.- Slope of the line Ax+By+C =0, (B30) is — 7 and 


its Y-intercept is — S I a 


From the above example we can say that the equation 
Ax + By+C = 0, (B80) can be written in the form y = mx +h. 
We know that the graph of the equation y = mx+h isa line. 
Hence the graph of the general equation of first degree in two 
variables will be a line. We know that a line is determined by 
two points. Hence taking two points corresponding to two solutions. 
of the equation Ax+ By+C = 0. we can draw the line. Let us 
say that this is the line determined by the equation Ax+By+C =0. 
Now let us take any point on the line and determine its coordi~ 
nates from the graph, We can verify that these coordinates satisfy 
the equation Ax+By+C = 0. From this we can say that the 
equation Ax + By + C = 00 represents a line and the equation of the 
line is Ax+ By+C = 0. 


From the above discussion we can say that Algebra and Geometry 
are not distinct branches of Mathematics but they have a close 
Telationship between them. The French Mathematician Rene Descar— 
tes ( 1596-1650 ) was the first person to recognise this relationship. 
This gave a new lease of life to geometry whose progress otherwise 
had remained stunted from the time of Greek Civilization. 
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Exercise 5.4 


1. Take a coordinate system and draw graphs of the following 
equations on it. | | 

() y=x (2) y=x+4 (3) y= x-3. Write the slope and 
Y-intercept of each line. What is the relation between these lines ? 

2. Find the equation of a_ line which is parallel to the line 
y = 2x +3 and has Y— intercept —4. Draw graph of both equations. 

3. Which of the following lines are parallel to y= —x ? (J) y= 
x+5 (2) y=-X43 (3) x4+yY=7, (4) 2%+ 29=5. Verify 
your answer by drawing graphs. 

4. Draw graphs of the following equations with a coordinate 
system, (1) y-2x -3=0 (2) 2V+xX =5, 

5. Write each of the following equations in the slope intercept 
form. _ State slope and ‘Ye intercept of each, (1) 4x — 5y=3 
(2) xt+y-S5=0 G) SV =7-* (4) 3V=4. 

6. Find the intercepts made by the following lines on both axes. 


ee gdh xy 
1) 2x+3y =6 (2) e224 (3) ~-4=1 
( | 4 3 2 5 


(4) 2x = 3y-12 
7. Find a if the point (a, 5) lies on the line 5x+y = 10. 
g. Find A if the point (4,3) lies on the line Ax+2y = 14. 


9. Find the intercepts made by the line ~ +7 =} on both 
: = 2 


axes. Find the slope of the line. 

10. Find the slope of the line passing through the points 
P(4,3) and Q(-—4,7). Write the equation of the line PQ in 
the point-slope form. 

11. Find h if the point P (2,3) lies on the line y= 3x+h. 

12. State giving reasons whether the lines y = 3x-—5 and 


y = —yX+7 are perpendicular to each other, Verify your answer 


by drawing graphs. 
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13. Show that the lines y—2 = 2(x-4) and y-2 = 
3(x-—4) are perpendicular to each other at the point ( 4, 2). 


14. Find the slope of the line passing through the points 
A(1,5) and B(— 3, 9). Write the equation of the line in the 
form y = mx +h. 


15. Are the lines x4+y=5 and x—y=1 perpendicular to each 
other ? Draw graphs of the above equations, State the coordinates 
of the point of intersection. Verify that the coordinates of the 
point of intersection satisfy both equations. 


16. Observe fig. 5.28 and answer the following questions. 


(1) State the Y-inter— 
cept and the slope of 
line AB. 

(2) Write the equation 
of line AB. 

(3) Form the equation 
of line PQ. 

(4) Write the coordi- 
nates of the point of in— 
tersection of line AB and 
line PQ. 


(5) Verify that the co- 
ordinates of the point of intersection satisfy both equations. 


§ 5.13 Solution of Simultaneous Equations : 


We know that the equation Ax+By+C = 0 represents 4 
line and the coordinates of every point on ae line satisfy the 
equation Ax+ By+C = 0 
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‘Now let us see how this 
can be used for solving 
simultaneous equations in 


two variables. Study the 
following example. 


Example : Solve the 
following equations graphi— 
cally x by=5; 2x-y=4 


First we should draw 
graphs of both equations. 
The point P lies on both 
lines and hence its coor— 
dinates will satisfy both 
equations. The coordinates 


of the point P are (3, 2). 
”. (3,2) will be the 


Fig. 5.2¢ 


solution of the equations x+y=5 and 2x—y=4. Verify that 
x = 3 and y= 2. Satisfy both equtiaons. 

Thus if want to solve two simultaneous equations then we should 
take a coordinate system and draw their graphs. The coordinate 
of the point of intersection of these two lines will be the required 
solution of these two equations. 

_ Exercise 5.5 

Solve graphically the following simultaneous equations. 

(1) xty = S53 x-y= 1 Q)xty = 735 x-2 = 1 

(3) y=x-33 2x4+3y+9=0 (4) 2x+y = 0; 3x4+2y = 2 

(5) x-4= 0; x+2y-6=0 (6) 2x-y = 33 y=2x 
§ 5.14 

You must have noticed that the lines which are graphs of the 
simultancous equations in the last question of exercise 5.5 are 
parallel lines. You know that the parallel lines do not intersect. 


86 


Hence the equations in that last question have no solution. Hence 
we can say that the simultaneous equations need not necessarily 
have a solution. 

The slopes of the lines given by the equation 2x—y = 3 and 
y = 2x are same (each slope being 2) and the Y-intercepts are 
different (—3 and Q respectively ). Hence if two lines have same 
- slope but have different Y-intercepts then their corresponding 
‘equations do not have a solution, 


Slope of the line Ax+By+C = Q is -£ Hence generally 


for two distinct lines A,x+B,y+C, =Qand A,x+B,y+C, =0 


if — A, = A; (: 1. €. A = an ) then these two equations do not 
: 


Py 2 2 
‘have any solution. 

If two lines have different slopes then the lines cannot be parallel 
and hence they must intersect in only one point. Hence if 
= iz _A, (; ie. 1 a then the equations A ,x+B,y4C, =0 

1 a a. Buy | 
and Aox+BoaytCo = = have one and anly one solution. 


Miscellaneous Exercise — 5 


1. Take a coordinate system and plot the following points, 
(1) P (4,3) (2) Q (-3,5) (3) R (-3-5,0) 
(4) A (-4,-5) (5) B (0,28) (6) C (3,-4) 

2. With the help of graph determine whether the following 
points are collinear. P (2,5. ) @(0,3), R(—2,1). Find the 
equation of the line PQ and write it in the slope—intercept form. 

3, Are the slopes of seg PQ and seg PR in the above question 
no. 2 the same ? From this information can we say that the points 
P,Q, and R are collinear ? 

4. Which of the following lines are parallel to the line x + 2y = 3? 

(1) y = —3x4+4(2) a2x-y=1 (3) y= ox-3. 

5. Write the equation 3x—.2y=5 in (1) Slope intercept form 
and (2) Two-intercepts form. 
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6. Write the slope and intercepts on both axes aad by the 
line in question no. 5. 

7. State giving reason whether the point P (4,3) lies on the 
line 2x -3y+1=0.. 

8. Find the equation of a line passing through the point 
P (2,1) and parallel to the line y=3x—5. 

9, Find the slope of a line which is perpendicular to the line 
y=2x-5. | 

10. Find the slope of a line passing through the point A (0, 2) 
and perpendicular to the line y — 3x = 5. Write equation of that 
line in the point—slope form 

11. Which of the following lines pass through tie origin ? 

(1) y=2x (2) y-3x=0 (3) ¥-4= 2(x-2) (4) y=a 
(5) x= 0. 

12. Find A ana B if X-intercept of the line Ax + By = 6 is 
3 and Y-intercept is 2. 

13. Find A and B if slope of the line Ax+2y = Bis ae | 
and its Y-intercept is 3. 

44. Solve graphically the following simultaneous equations. 
2x-y = -33; 2y—xX = 3. 

15. Find the intercepts made on both axes by the line 3x--5y = 10. 

16. Determine C if the line 5x—4y = C intersects X-axis in 
the point (2,0). What are the coordinates of the point of intersection 
with the Y-axis ? 

17. Write the equation in the two-intercepts form of the line 
whose X-intercept is 3 and Y-intercept is — 2. Find the slope of 
the above line. 

- 18. Find the slope of the line which intersects X-axis in the point 
(—2,0) and Y-axis in the point (0, 3). Write equation of the 
line in the slope-intercept form. 

19. Find the coordinates of the point of intersection of the 
ides 2x-y = § and x = 7. 

20. Find a, if P(3,a@) lines on the line x—y = 5. 

eeee 
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Chapter 6 
Equations 


§ 6.1 Linear Equations : If a, b, care “real numbers and x is a 
varjable, equation ax+b=c, (a0) is called a linear equation 
in one variable. Each equation has a left hand: side and a right 
hand side. Both the sides contain either numerical or algebraic 
expressions, In case of linear equations index of the varible is 
never more than one. If the variable is replaced by a number, 
that number is called the value of that variable. After substituting 
a number for the variable in the given equation, if both sides of 
the equation are equal then the equation is said to be satisfied 
for that value of the variable: If both sides are not equal, the 
equation is said to be not satisfied for that value of the variable. 

The number which satisfies the given equation is called the 
solution: of the equation. To solve an equation means to find its 
~ galution. | 

Now let us consider a set of two linear equations in the same 
variable These equations are said to be equivalent when a solution 
of one ‘equation is also the solution of the other and a number | 
which is not a solution of the first is also not the solution of | 
the other. 


The equations x+3=7 and x+5=9 are equivalent equations, | 
- because 4 is the solution of both the equations and no other number . 
except 4 is the solution of any of them. 
You-know that equivalent equations are obtained by performing: — 
_ the following four operations on a linear equation. 
(1) by adding the same number on both sides 
(2) by subtracting the same number from both sides 
~. (3) by multiplying both sides by the same non-zero ‘number 
(4) by dividing both sides by the same non-zero number, | 
After performing the above operations the final form of the. 
‘equivalent equation is x = k (k being a real number). The 
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solution of the first equation will be k because it is the solution 
of latter. | 

Any given linear equation can be written in the form ax+b=c.. 
If we have to solve this equation, we should have to make use 
of the operations mentioned above and bring, the equation in the 


FORM oS 4 ede 
| Subtracting 5b from both sides 
ax = c—b 
Dividing both sides by a 
c—b 


> a 
a 


a is the solution of the equation ax+b = ©. 


a 
_ Examples : 
1X5 = 3 (xF3)48 
2x-5 =F (X+3)+8 
“ 14x—35 = 3 (x+3)+56( multiplying both sides by 7) 


14x —-35 = 3x4+9+4 56 
14x — 35 = 3X + 65 
( Subtracting 3x from both sides ) 


Jlx= 100 
s x= 4° = ( dividing both sides by 11 ) 
“. 4%° is the solution of the given equation 
Check - 


10° in original equation — 


Putting x = “47 
eo a5 Ss 2 (Mors) +8 
11 7 11 
20-55 2! 3 y IoD oe 
11 a | 11 
145 9 399 
1] = 77 = 
145 9 1015 
w= 77 


(1459 1457 


i) = WXx7 
145 145 
(aE NI ee 


1 = 11 | 
‘Thus the solution set is { ‘jy 
2. Find the solution of 
9 (4x+5)—-7(3X4+2) =6(%4+7)-5( X45) 
«9 (4x4+5)—-7(3x4+2) =60X4+7)-5(¥4+5) 
See 36x + 45- 21x ~ 14 = 6x + 42— 5x — 25 
-~ « a (Opening the brackets ). 
158431 = x¥+17 ( Colleeting the like terms ) 


Pe 14x = —-14 ( Subtracting x and 31 from both sides ) | 

a x=- (Dividing both sides by 14) 

Check : | a 

Substituting x =—1 in the given equation, 

L. H.S. = 9(-44+5)-7(-3+2)} R.H.S = 6(-1+7)-5 (C145) 
= 9(1) -7(-1) =6(6)-—-5(4) 
=94+7 — =36-2 | 
= 16 i = 16 


- LHS =R.H,S. 


Thus the solution set is {-1 } 


3. Solve Seip (eee Mere ee 
3 5 6 4 
X+12 X+4 5Xx+6 x+2 
3 36 6 4 


In order to get rid of the denominators let us multiply both 

sides by 60 (L.C.M. of 3, 5, 6 4) | 
(60(x+12) 60(x+4) _ 60(5x+6) 60(x+2) 

3 § 6 4 

20(x+12)-12(¢%+4) = 10(5%*+6)—15( x42) 

20x + 240 — 12x — 48 = 50x + 60— 15x — 30 

8x +192 = 35x+30 (taking like terms together ) 

— 27x = — 162 (subtracting 35 x and 192 from both sides ). 
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g— —— (dividing both sides by — 27) 
x = 6 | 
 ., Solution set = 46} 
Check:: | 
Substituting x = 6, | 
is Ass. = 6412 _6+4 R. H. S. — 5X6+6 6+2 
| 3 5 ae 6 4 
=6-2.- = mg 
= 4 | = 6-2 = 4 


.. LOH.S. = RAH.'S. 
Exercise 6.1 
| _ Find the solution sets of the following equations. 
(1) 7(x4+2)-2(x-3) = 4 
(2) (274 5y) +12 = 18y 
(3) 20%4+9)-5x = 5( 24x) 
(4) 7¢m+4)+5m = 14m 
(5) 2¢x+1)—-(x-3) = 4(%4+5) 
(6) 7(x4+5)+6( 2x41) = eeecer eT, 
(7) 9(4v+5)-7(3y +2) = 6(y+7)—S(yt+5) 
(8) 17¢m4+4)4+8(m4+6) = 11¢m+5)4+15(m4+3) 
(9) 21(2p+1)-20(3p+2) = 18(p+2)—5(opt+il) 
(10) 10a+15(a-3) = | | 
(il) 5x+(3x44)-2 = 714+ (7% -4). 
(12) 2x-3(3x-5) = 2(x- 6) - ~—9 


(3) Pa ss 
isan lea 
ary 

mike : x 
eee es 


7 9 
yt5 yr y+7T yrs 
1 = ——-—-—— 
48) 5 .4 3 
(19) x+4_ X+3 _ X+2 X41 
| 5 4 6 
x—-4 3x x2 
20 ——_ el oes ee 
(20) 4 2 ? 4 


‘§ 6.2 Equations involving absolute values : 

We know the meaning of absolute value of a real number. If | 
x is a non zero real number, x is either positive or negative. if 
(x) is positive then (-—x) is negative and if (x) is negative 
(—x) is positive. Of the two numbers x and (— x), one is nece. 
ssarily positive. We represent the positive.of the two numbers by 


1x] 531 | is the absolute value of x. 
If x=0,ix| =0 
If x is positive, | x| = x 


If x is negative, |x|=-x. 
Find out the values of 


|-7|, I-21, isl t 21. Naf. ey 


The absolute values of a number and its opposite number are 
‘the same. .. {x]=] — x] 
Let us sive some examples using the meaning of absolute value. 
Examples : 
1. If | x|= 5, find the value of x. 
We know that |5| = 5 and Sied 
If |x] = § then x = 5 or x =-5. 
2. |y+3| = 6. Find the value of y. 
“Say y+3 = p then [p| = 6 
p=6 or p=--6 
. yt3 =60r yr3 =-6 
y=3 of y=-9- 
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3. Solve : (5x+9] = 31 | 
Say, [5x+9| = t then |t] = 31 


t = 3] or C= 3) 
5x+9 = 31 oF 5x+9 = — 3] 
-- 5x = 31-9 or 5x = —31-9 
se SX S92 or 5x = —40 
i ao. De oe or c= 8 
4. Solve : |y—4{ = — 10 


Absolute value of a numbes can be positive or zero, but can 

never be negative. Hence this equation has no solution. 
Exercise 6.2 

Solve the following equations : | 

(1) Jav—4] = 10 | (2) Jay+3 [= 12 

3)}x-Fl=a7 (4) |7x-33| = 0 
— (5) S+fy] = 10 
§ 6.3 Linear equations in two variables : 

If a,b,c, are real numbers (a0, 5640) then ax+by = cis 
an equation in two variables. The equation is said to be satisfied 
for those values of x and y respectively, for which both sides of 
the equation assume the same value. These values are called the 
solution of the equation. For example, for the values x = 2 and 
y =3 the equation 5x+3y= 19 is satisfied. Therefore the pair 
(2,3) is a solution of the eqyation. In the same equation 
5x¥+ 3y=19 if we now take x= 4, then we get 20+3y=19; 
therefore y=—4. So its solution would be (4,—2). Thus infinite 
number of solutions can be found for this equation 

When there is just one linear equation containing two variables 
then an infinite number of its solutions can be found. An equation. 
In two variables does not have a unique solution, | 

Now let us consider the two equations 3x+5y=7 and 5x + 3y 
=9 together. When we consider two linear equations of two 
variables, such equations are called simultaneous equations. Each 
equation has infinite number of solutions. In case there is a pair of 
numbers which satisfies both the equations, this pair is said to be 
the solution of the simultaneous equations. 


. 94 


It is not necessary that both the given equations must have a 
solution, If the given simultaneous equations have a solution then 
they are Said to be consistent. If they do not have a solution, 
they are said to be inconsistent equations. | 

Consider the following simultaneous equations, 

NbV=6 cess. pews (CY) 2h 2V SD: weenccddives CID) 

From (1), y=6-—x. Substituting this value of y in (II) we get, 

2x+2 (6-x)=9 | 
~ 2tI2-2v =9 

as 12 = 9, Which is a contradiction. _ 

Because of this contradiction these equations are inconsistent. 

How should we find the solution of the given simultaneous 
‘equations ? We can prepare a table of solutions corresponding 
to. each equation. To find the solution of the simultaneous 
equations we will have to search a solution which appears in both 
tables. This may not be so easy. We will, therefore, adopt the 
same method which we made use of when trying to find a solution 
of an equation in one variable. For this, study the points raised 
below. 

It is obvious that if two given equations are replaced by 
equivalent equations the new pair of equations will be equivalent 


to the first pair. Any solution of the new pair of simultaneous 
equations will also be a solution of the first pair of simultaneous 
equations. Any pair of numbers which is not a solution of the 
new pair of simultaneous equations will not be a solution of the 
first pair of simultaneous equations. 


The simultaneous equations which are obtained, 

(1) by adding the same real number on both sides, 

(2) by subtracting the same real number from both sides, 

(3) by multiplying both sides by the same non-zero real number, 
(4) by dividing both sides by the same non-zero real number, 
are equivalent to the given equations. 

In addition to above, 
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(5) The .equations obtained by adding the two equations or by 
Subtracting the second from the first, together with any one of 
the original equations. and 


(6) the equations obtained by additie and subtracting the original 
equations are together equivalent to the given simultaneous equations 


§ 6.4 Solution of simultaneous equations. 


_ You already. know to solve the simultaneous equations by using 
the method of elimination of a variable. Using this method we 
reduce the two equations to one equation containing just one 
variable. The method of elimination consists in obtaining finally an 
equation in one variable by performing suitable operations on the 
two stmultaneous equations. In this final form the variable which 
is absent is said to have been eliminated. 

Study the followig equations, 

Ma SS AT) x+y = 15........ (ID) 

lf we add these equations, y géts eliminated and if we subtract 
first from the second, x gets eliminated., 

_ Adding (1) and (IL), 

2x = 20 s. x= 10 

Subtracting (I) from (II), 

2y = 10 so = 5 

.. the solution of given equations is (10,5) 

In this example it was easy to eliminate the variables because 
the coefficients or the absolute values of the coefficients of the 
| variables in both the equations were the same. 

Thus if the coefficients or absolute values of the coefficients of 
the same variable in both the equations are the same, suitable 
variable can be eliminated by simple addition or subtraction. But . 
when the coefficients of the same variable ‘x’ in both the equa- 
tions are not the same, we have to perform suitable operations on | 
. these equations so that we obtain new equations equivalent to the 
original’ but the coefficients or the absolute values of the coefficients 
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of the same variable ‘x’ in the new ‘equations become the same. 


This will help us to eliminate the variable x. 
Study the following examples. 


1. Solve : 5x+7y =-31........ (I), 2x-y = 1..... 
Here multiply second equation by 7. 4 
5x+7y = 3)..... .. CII) VAX SFY SS sic eees 


Adding (III) and (IV), 
19x = 38 o «X= 2. 
Substituting x = 2 in (II) 
2x2-y= 1 ~ jpS3 
. the solution of (1) and (II) is (2, 3.). 


Check : 
Substituting x = 2 and y = 3 in the given equations 
| 2 | » 
(I) 5x2+7x3 = 31 (11) 2x2- 321 
31 = 31 | 1=1 


Thus the solution set is {( 2, 3 )} 


2. Solve the following simultaneous equations. 


3(x-3)-2(y—-2) = 30........ (1) 
4(x-5)-5(y+3) = 0........ (11) 
Simplifying both the equations, 

3x —2y = 35.6.46- . CII) 


Ax =< Sy- = 35 ss20n08 (IV) 


Multiplying equation (III) by 4 and (IV) by 3. 
12x —8y = 140........ (V). | | 
12x — 15y = 105........ (VI) 

Subtracting equation (VI) from ( me 

ly = = 35 re 

Substituting y = 5 in — ( III ) 
3x-10 = 35“ SS 


Check : 


Substituting x = 15 and y = 5 in the given equations, 
(4 301633 72 = | (IL) 4(15-5)-5 (543) Zo 
3 (12)-2(3) ¥ 30! 4(10)-—5(8) <.0 
", the solution set is (15, 5)}. | 
Exercise 6.3 | 
Solve the follwing simultaneous equations by eliminating either 
x or y. | 
(1) 4x+3y = 17; 3x+4y = 18 
(2) 5x+2y = 16 : 3X4+7y = 27 
(3) 3x-17 = -2y; 3y=12 —--4x 


(4) xX=14+5y 5 1x+3y = 24 
(5) 3x=154+ 12y ; 2x-9y = 11 
(6) 4xty = 34 ; x+4y = 16 
(7) 4x4+3y543 ; 3x-24y= 11 
(8) 47=7x+ 2y ; Sxr4y= 1 
(9) x+5y = 20 ; X+ 6y = 22 


(1G) Sx+ 3y =21 ; 2x-y = 4 

(11) 2x -3y = 0 ; 2x+3Y= 60 

(12) Sx+15=3y ; 2X42 =y_ 

(13) 0G -  2x=1+43y 

(14) 10x-3y =22; Sx=2+3y 

(15) y+17= 10x » xX+9y9=29 | 
(16) 5(x+2)4+3(y-4) =-153 7(5-x)4+2(2-y)=0 
(17) 3(x+3)-4=2(xt+y) 3 3(2y-3)=4(24y—x)4+3_ 
(18) 5 et te 
(19) 4(x- 2y)— (5x4 3y) = 30 3 3 (3x47y)-2(x49y)=12 
(20) 16 (11x — Sy) = 11 ( ax ty) 3 BF = 145) 


(21) 5(x+3) = 3y ; 2(x+1)=y9 
(22) (x+1) + 2v = 30 ; (y+3)+4x = 56 

_ (23) 204+ 7)-6(y-4) = 48 5 2( x44) +6(¥4+3)=60 
(24) 4(x-2)=5(1-y) >; 3y+4+2x =— 24x 


(25) (x -y)-(2x+1) =-8; 5(3x-2y)-3(2y-1) =15 
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§ 6.5 Solution of simultaneous equations second method : 
The example solved in article 6.4 can be solved by another. 
method as follows. Study it and try to understand the method. 
SX 7p SS Blackeduk: (1) . PS el Ce (II). 
- From equation (Il ) we have. y = 2x— 1, which gives us 2x— 1 
‘as the value of 5°. Substituting this value in equation (I) we get, 
5x+7(2x-1) = 31 
Which is an equation in one variable, Let us solve this. 
SX + 14x -7 = 31 | 
19x = 38 oe +2 
Substituting the value of x in equation (II) we get, 
2(2)-y = 1, —<« y= 3 | 
the solution of the given equation is ( 2, 3). 
Exercise 6.4. 
Solve the following simultaneous equations by expressing x in: 
terms of y or y in terms of x 
(1) 5x+3y = 13 y+t4x = 9 
(2)3x-4y= 7 3 Bty=2122 
(3) 4x-3¥-23=0 ;  x+2y—-3=0 


(4) 3x-2y=7 4x—y=1]1 
(5) 2xt+y=-3 3 3x-2y=13 
(6) 4x-y=9 3x - 2y = 5 


(7) 2x-3y = 14 3; 9 S5x+4y = 12 
(8) 4e+3y= 20 ; Sxty=14 
(9) 3x+2y = 12 ; 4xty = 11 
(10) 5x+4y = 2 -  y+3x = 4 


§ 6.6 Equations involving fractions : 
Examples : | 


1. Solve : Sty = reese (1) xt = Bisco (M1) 


Let us eliminate the denominators first. So multiply the first 
‘equation by 5 and second by 4.'We then have, 
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2x+ 5y = 30........ (TL) 4x + 3y = 32 


It is easier to eliminate x from equation (Ill) and (IV). So 
multiply equation (III) by 2 and subtract this new equation from (IV) 


4x+ loy = 60 
4x + 3y = 32 


Ty = 28 os Y=d 


Substituting the value of y in equation (IV) we get 
4x + 12 = 32. 


Check : 


is x= 5 


Substituting x = 5 and y = 4 in the given equations we cS 
() 2X5 445 6 (ny 5 4284 
656 — «8 8 


A graphical solution of these simultaneous equations is shown 
below. Observe it et 


errr ttre 
Shee OREUS EE? 
CEC 


Fig. (6.1) ( Graph ) 


Exercise 6,5 
Solve the following equations : 
(1) at B= 20; pty = 
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Bx ae a 
= x— 43 
(3) * 3. Y ere 5_y = 
2 3 5 4 
(4) 7% =-s io =~ 3 
x_ sy 2x y 
5) === —=4- 
(5) 3 2 15 5 
x 3x 
6) -=)y- 6 ;—=—1+ 
( EP 1c y 
(7) #8 2? . ox = 1 + 3y 
(8) -+2 =2 ; 3x+4y = 25 
(9) +2 =2 -ox+¢3y = 13 
2 . 
_y, 
10 ==] > —t—=5§ 
(10). 2 Pigder 


§ 6.7 Simultaneous equations of the form 


ax+by = p ’ bx+ay = 
Observe the following simultaneous equations, 


(1) 7x+13y = 47 5 13x%+7y = 53 
(2) 32x + 33y = 31 : 33x + 32y = 34 
(3) 15% — l4y =.117 5 «146 — I5y = 115 


‘In each example above it is observed that the coefficient of x 
in one equation is equal- to the coefficient of y in the second 
equation and vice-versa. These equations can be solved by the 
usual method. But it is much easier to one such equations by 
the method illustrated below. 

‘In this method new simple equations are obtained by adding 
both the equations and by subtracting one equation from the other. 
Then a variable can be chosen so that it can be eliminated easily. 
Example given below will illustrate this point. 
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Example : 7x + 13y = 47....C1) 13x4+7y = 53 


.-. (II). 
Let us add equations (1) and (II), | 
TX + 13Y = 47 ecccge... (1) 
eee SRT: ~SS$3" concedes (11) 
20x + 20y = 100 
x+y = 5 (dividing by 20)........ (HI ) 
Similarly Jet us subtract equation (II) from (I). 
7X + 13y = 47 .....0... (1) 
13X47 2°53 istaoeaew AD) 
7 6X + 6Y = 6 | 
wey Sol (dividing by —6)........ (IV) 
Now let us add equations 
(11) and (IV) 
MEY SS Siscneees ( III) 
Cy = fess sas (IV) 
2x =6 2. x= 3 


beostiacal s4y = 5 


Fig. 6.2 


Thus the solution set {(3, 2)} - 
Check the answer yourself. 
| Exercise 6.6 
Solve the following simultaneous equations, 
(1) 32x4+33y = 31 9-5: 33 +:32y = 34 
(2) 18x - I4y = 117; 14x — 15y = 115 
(3) 15x -17y = 28 15y — 17x + 36 = 0 


| 
iy 
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Substituting x = 3 in 
equation (III) we get. 


sg y=2 


(4) 10x - 40 = — I5y 3 
(5) 14x+ 41y = 96 5 
(6) 15x +20” = 90 
(7) 21x +229 = —3. ; 
(8) 21x+29y = 79 
(9) 29x4+ 37 = 53 3 
(10) 10x4+11ly = 2 ; 


15x + 10y = 35 


41x + 14y = 69 
20x + 1S5y — 85 =0 
22x + 2ly = 3 
29x+21ly = 71 
29y+37x% = 13 


11x+10yt+2 = 


§ 68 One more method of solving simultanous equations 


Example 
5x+7y = 3l........ (1) 
Procedure 
Step (1): Write the equations 
in the form _ 
ax+tby+c= Q 
Step (2 ) : Write the coefficients 


of x, y and the constant term 
twice in order for each equation. 
This. gives an arrangement of 
2 rows and 6 columns. 


Omit the first and 
the 


Step (3): 
last columns and draw 


diagonal arrows as shown. 


Step (4): Consider the elements 
of the first cross in the above 
arrangement. From the product 
of the elements at the ends of 
an arrow pointing downwards 
subtract the product of the ele- 
ments at the ends of an arrow 
which points upwards. 


- Cal] this number Dx. 


: Solve the following equations, 


AXA PSS Si G5 hau (Il) 
Working 
(1) sx+7y-31 = 0 
4x— y -5=0 
(2) 5 7 -31 5 7 -31 
4-1 -5 4 ~-1 -5 
(3)5 7 —-31_.5 7 —-31 
*% *~ 4 
4-1° -5 4 -1 =-5 
(4) 7 — 31 
—-J ~§ 
eee 5)- aes _ 
= + 35-31 
= — 66 
Dx = — 96 
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Step (5) : Consider the elements 
of the second cross and repeat 
the working in step (4) above 


Call this number Dy 


Step (6) : Consider the ele- 
ments of the third cross and 
repeat the working in step (4) 
above. 

‘Call this number D. 

Step (7) : Use the rule 


to find the values of x and 
y, as | 


(5) =31 5 
~ 5X4 
(—31)x(4)-(-5)x() 
= ~ 124+ 25 
= —99 
~~ Dy =-9 
(6) 5 7 
arent | 
5x (-1}-(4)x(7) 
— 5-28 


| 

I 
ww 
we 


Exercise 6.7 


Solve the following simultaneous equations: using the method 


illustrated above, — 
(1) 2x-y = =3 | 
(2) w2xty=7  ; 
(3) 4x+7y = 2 "a 
(4) 3x-—4y = 24 
(5) 3x = 4y -6 
(6) x+y =-1 , 
(7) x+2y = 6 
(8) 2x+y = 7 


a — 3 
4x-y 5 
3x+5y = 1 
sy+2x = -7 
§x-y=>7 
x—-4ay = 13 
4x+3y = 4 
x= = 3° 


Miscellaneous Exercise - 6 (A ) 


Solve the following equations : 


| (1) 3x-y = 11 
(2) 4(x-y) =-20 ; 


a\ X-2. 3x-4 _ 
a 
(4) x-2y = 14 ; y=x-10 
(5) 9x-Ty=15 3 Tx-9=1 


x-1 x-2 
eee a | 

(6) 7G —_ 
(7) sx-sSy=1 3 16(11x—Sy) = 11(3x4y) 

x+2y  Ax-y 5 3x+y ,xty 
gj) 45" = |, 4-— = 
a? 4 2 2’ 3 5 : 

2 3 1°. 3 2 1 
9)—-*¥+t+—y = BO- + —¥4+—V = 13-—- 
isthe? Sse tt ee 
(10) 2¢x-1) 3¢(*-2) _ 1 

a: 4 

=a ] 3 1 
It) —x+—y=4 —x -—y=4 
ON > is = 2 37" 

3x 


(12) y =3x-2 5 ys a 


(13) 24) _3(p-1) _ 
10 | 
bak aie ie Sis 3y+2x = —24x-4 


(15) 3(x4+3) = 2249) 44 ; 3(24v-3)-3= 4(24+y—-3) 


y «x y,* 
16) —--— = -]1 5; =—-+t— = 
A ) 2 3 7 4 § > 
2(p-1) 3(p+1) 
17 i eg) 
(17) 5 | 10 =P 


(18) 4x-Sy = 5 3; X+7Ty = 26 


9) 2x—Ty = ll 3; 5x-—2y = 12 
, (an) non I3y = §1 ; 13¥+12y = 49 


(22) 14x+ 1ly = 358 3) 11x +14y = 67 
aa 3x Oy | 
—y~-=8 35 Se eC eT 

(23) Tot 


Mt 
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op OT BSd 
2 4 


x 5 
2 xt+y=0 3 —-H- = Se 
(25) ee ; 
y x 3 
(26) ; oes 


(27) xXx+7y = 23 3; 5x-3y = ] 
| ae ae ae 
28) —— -—- = 
(a8) P42_P=3 = p 
§ 6.9 To obtain equations : 
In the nineth standard syllabus we have studied, 
(1) Linear equtions in one variable | 
(2) Quadratic equations in one variable and 
(3) Simultaneous equations in two variables. 


‘We have also seen how equations play an important role in 
solving the problems in every day life. | 

Word problems contain some information and on the basis of 
this information we are asked to find answers to problems posed 
in them. The information given in word problems is of course 
numerical in nafure. Since the information we are asked to find 
is not known at the outset, we use a letter or a variable to stand | 
for this unknown. Since a variable stands for a number we_ use 
this fact to convert the information supplied in the problem into 
mathematical form. This mathematical form takes the form of an 
equation. In order to find the answer to the problem posed we 
have to solve this equation. : 

Addition, subtraction, multiplication and division are the four 
fundamental operations in mathematics. We call them binary opera- — 
tions because they can be performed only on two numbers at a 
time. Because of a binary operation, a number is associated with 
two given numbers. For example, 2+3 = 5, 2-3 =-1, 
2x3=62+3 = F. 

In the above four examples, the pair of numbers 2 and 3 is 
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associated with numbers 5,—1, 6 and 2 respectively under the 
operations of addition, subtraction. multiplication and division: 
But some operations can be performed on one number only. 
For example, doubling a number, taking three times a number, 
squaring a number, taking the cube of a number, taking the 
square - root of a number, etc. Since we are using variables for 
numbers, the above fundamental operations can be performed on 
two variables or on one variable and one number. . 
x +3 means the sum of some number and 3. 2x means_ twice 


some number.. In the same way = Vx, x, x? etc. can be. inter- 


er | 
- While converting common problems which are given in words 
into mathematical form we are supposed to use numbers, opera- 
tical signs and signs of equality, If we are able to construct 
expressions which are stated to be equal in the given problem, it 
4S possible for us to write the equation. 

Form algebraic expressions for the following. 
' (1) Eight years more than Naszem’s age. | 

Since we do not know Naseem’s age, we assume that p 
stands for Naseem’s age. Then (p+ 8) will express © properly 
what 1s stated in words. 

(2) Seven less than twice a number. 

Here we do not know which number is meant. Hence we 
show the number by ‘a’ Therefore (2a _ 7) expresses in mathe- 
matical form what is stated in words. | 

(3) (1) 13 less than thrice a number. 

(11) 7 more than four times the same number. 
(ili) the tatio of the above two expressiOns. 

Above expressions take the following mathematical form, 
| — 13 
: 7 

(4) The number in which the digit in the ten’s place exceeds 
the digit in the unit’s place by 2. 


(i) 3p-13 (ii) 4p +7 (iii) 327 3 
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If p is taken to be the digit in the unit’s place then the 
expression 10 (p+2)+p will show the required number. 

(5) Perimeter of a rectangle in which the length is twice the 
breadth. . 

If we assume r to the breadth then 2 (r+ 2r), that is, 6r is. 
the expression which denotes the perimeter of the rectangle, 


(6) Area of a triangle in which the base is less than twice 
its height by 3. | 

Let the height be h. Then } h (2h—3) is the expression 
which represents the area of the triangle. | | 

(7) Sum of the angles of a triangle which are in the ratio 
ee ee | 


Let the measures of the angles of the tHiadelebe x, 2x and 3x. 
Then. the sum of the angles of the triangle is x+2x+ 3x, that 
is 6x. Thus 6x is the expression which denotes the sum of ‘the 
angles of the required triangle. 

(8) Average of the numbers in the ratio 3:4: 5 

If we assume 3x, 4x and 5x as the numbers then their average 
si 3X + 4X + 5x 

3 
the average of the numbers in the ratio 3:4: 5. 


, that is 4x. so 4x is the expression which denotes 


(9) The area of a trapezium in which the distance between 
the parallel sides is 5 cm and the greater of the parallel sides 
exceeds half the smaller by 8. 7 
If the smaller paralle! side is assumed to be x then area of 
the trapezium is 5 x 5 ( x+ > + 3). , that is, S(3s +16) 
(10) Sum of twice of a number and thrice of the another 


number. 
Let x represent the first number and y represent the other. 


Then the required sum is (2x + 3y ). 
| (11) In two rectangles the breadth of the first is twice the 
breadth of the other, leneth of the first is thrice the length | of 
the other. Then the perimeter of. the first rectangle. 
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Here if we assume | and b to be the length and the breadth 
respectively of the second rectangle, then the perimeter of the first 
rectangle is 2( 2b+ 31). 

(12) The subtraction of five times the first number and four 
times the second number. 3 | 


Let the first number be x and the second number be, y. Then | 
‘the required number is ( 5x — 4y ). 

(13) Sum of the denominator and numerator of a fraction. 

If we denote x for denominator and y for numerator then 
the. expression showing their sum is (x+y ). 

_ (14) The sum of the length of the base and the lengths of the 
congruent sides of an isosceles triangle. ; 

Let x be the length of one of thc congruent sides and y be 
the length of the base. Then the required expression for the sum 
of the sides is (x+x+y), that is (x+y). 

(15) Sum of Ashwini’s age five years back and Manisha’s age 
three years hence. 

We assume Ashwini’s present age as x and Manisha’s present 
age as y. Then Ashwini’s age 5 years back was (x — 5) years and 
Manisha’s age 3 years hence will be (y+3) years. 

Hence the required sum of the ages is [(x- s5)+Cy+3 Yj | 
years, that is, (x+y—-2) years. | 


-§ 6.10 Use of linear equations : 

We are already familiar with the process of obtaining equations 
by converting into mathematical form, siuauen: we meet in 
practical life. | 

Write down the equations of the following exampres and solve them. 


_ Exercise 6.8 


(1) A number consists of two digits. The digit in the . ten’s 
place is twice the digit in the unit’s place.. The number obtained | 
‘by interchanging the digits is less than the original number by 36. 
Find the original number: 
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(2) Son’s present age is half the present age of his mother. 
Ten years back mother was thricc as old as her son. What are 
their present ages ? | 

(3) A boat takes thrice as much time to sail in the up-stream 
of a river as it would have taken to sail in the down-stream. 
If the speed of the water is 5 km/ hour, find the speed of the 
boat in the still water. 

(4) A number consists of two digits. The sum of the. digits 
is 10.. The number obtained by interchanging the digits exceeds 
the original number by 36. Find the original number. — 

(5) A number consists of two digits. The sum of its digits 
is 5. If 27 be added to the nymber, the digits get interchanged. 
Find the number. 


(6) The digit in the ten’s place a; a two digit number is less 
than itS digit in the unit’s place by 4, The sum of its digits is 
one fourth of the number. Find the number. 

(7) The sum of the digits of a two digit number is five. The 
digit obtained by increasing the digit in the ten’s. place by unity is 
one eighth of the number. Find the number. | 

(8) A number consists of two digits. The difference between 
its digits is 1. The number obtained by interchanging the digits 
is £ times the original number. Find the original number. | 

(9) The cost of a table is thrice the cost of a chair. A table 
and a chair together cost 500 mupees: What is the cost of the 
table ? | 

{10) Father is four times as old as his son. Ten years hence 
he will be two and half times as old as his son,. what is the 
present age of the son ? | 
(11) The length of a rectangle is twice its breadth. If its 
perimeter is 90 cm find its length and breadth. 

(12) The length of a rectangle is less than thrice its breadth 
by 5 decimetre If the perimeter of the rectangle is 70 decimetre, 
find its length and breadth. 
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(13) In A. ABC the measure of £8 is twice the measure of 
ZC. The measure of ZA is greater than the measure of ZB by 
5°. Find the measure of each angle of A ABC. 

(14) In A PQR, length of the side OR is less ‘than twice the 
length of the side PQ by 2 cm Length of the side PR_ exceeds 
the length of the side PQ by 10 cm. If the perimeter of the 
triangle is 40 cm., find the length of each side of the triangle. 


(15) The length of the rectangle is twice its breadth. If its 
length is decreased by 5 cm. and breadth is increase 5 cm, the 
area of the rectangle is increased by 75 sq. cm. Find the length 
and breadth of the rectangle. | 
(16) Area of a square and a rectangle is same.: The length and 
breadth of the rectangle are respectively 5 cm more and 4 cm. 
less than the side of the square. Find the side of the square. 


§ 6.11 Problems on simultaneous equations : 
Examples :_ 

]. The sum of two numbers is 46. Greater number is_ greater 
than twice the smaller number by ]. Find the numbers. 


Let the smaller number be x and the greater number be y. 
Sum of the two numbers is 46 


X+ty = 46..... seas ( ] ) | 
Greater number is greater than twice the smaller number by ], 
Vo SS IN lieth eee CI) 


Substituting 2x+1 for y in equation (I) we have, 
X+2XT1 = 46° | . 


3x+1 = 46 
3X = 45 - ce eee PS 
Now substituting x =-15 in equation (II), 
y= 2x 15+] ss, Yo 31 


..- Smaller number is 15 and greater number is 3]. | 

2. The sum of the present ages of Suresh and his father is 89 
years. After 1] years father’s age will be twice Suresh’s age. Find 
their present ages.. 
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Let the present age of Suresh be x years and that of his father 
be y years. | 

Sum of their present ages is 89, 

x+y = 89 See ee (1) | | 

Eleven years hence Suresh’s age = (x+11) years and his 
father's age (y +11) years, 

But 1} years hence father is twice as old as his son. 

o yt = 2(¥411) 

ee Yt) = 2xX+22 © 

mee ee) 2 ee (11) | 
ces Now we will consider the two equations together and find their 
. solution. | 
Substituting (2x +11) for y in equation (1) we ages 
Xx a 2x+11 = 89 

“. 3x = 78 (Subtracting 11 from both sides ) 

sie xX = 26. 

Substituting the value of x in equation (1), we have, 

26+) = 89 4 UY = 63 

.. Suresh’s present age is 26 years and that of his father’s is 63 
years. | 

7 Exercise 6.9 


(1) The sum of the two numbers, is 45. The greater number 
~ exceeds thrice the smaller number by 5. Find the numbers. 
(2) The sum of the two numbers is 22. The greater number 
is less than twice the smaller number by 2. Find the numbers. 
(3) The sum of the two numbers is 95. Three times the smaller 
number equals twice the greater number. Find the numbers. 
(4) The.sum of two numbers is 125. Their difference is 25. 
Find the numbers. | | - ws 
(5) The difference between two numbers is 40 and three times 
the smaller is equal to twice the -larger. Find the numbers. — 
(6) A string 12 metres long is cut in to two pieces such that 
one part is greater than the other by two ‘metres. Find the oer 
of each part. 
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(7) Sum of the present ages of Ramesh and his ‘father is 43 
years. Six years hence father will be four ‘times as old as his son 
then. Find their present ages. 

(8) Present age of a person is four times his son. Eighteen 
years hence his age will be twice the age of his son then. Find 
their Present ages. | 

(9) Sum of the present ‘ages of Umesh and his mother is 60 
years. Five years back his mother’s age was four times his age at 
that time. Find their present ages. | 

3. Twelve chairs and six tables eauether cost Rs. 2388. If 
instead six chairs and twelve tables were purchased, the cost 
together would have been Rs. 3480. Find the cost of each chair 
and each table. 

[et the cost of a chair be x rupees and that of a table be y 
rupees. 

Using first seadiion we have, 

120 GY 2388 crisis (1) 

Using second condition we have. 

6X +12y = 3480..........--C IL) - 

Adding equations (I) and (II) we have, 

18x + 18y = 5868 

*, dividing by 18 we have, 

Xy = 326....0eceecee.e( HL) 

Again subtracting (II) from (1), we have, 

6X —- 6Y = — 1092 

.. dividing by 6 we have, 

ae Beall Vere eee (IV ) 

Adding (II) ard (1V), we have, 

2x = 144 os *& = 72 

Substituting this value of x in (III), we nave 

J2+y = 326 ss y = 254 

.. Each chair costs Rs. 72 and each table costs Rs. 254. 


4. Out of 765 km journey a part was made by motorcar at a 
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speed of 60 km per hour. The remaining journey was made by 
train at a speed of 96 km per hour. If the total distance was 
covered in 9 hours, find the distance travelled by the train and 
the time taken by it to cover that distance. 

Let the time taken by the car be x hrs. and that ey train be 
hrs. Then, from the second condition we have, 


AD SO Peiwausstervesarna lL) 


and from the first condition we have, 


60X + 96Y = 765--+.-eeeeaee CII) 
Multiplying equation (I) by 60 and subtracting it from = ). 


~~ 


) 


we have, 
60x + 96y¥ = 165 - 
60x + 60¥ = 540 


36y = 225 
Ga PAS os 25.2. Zl: 
36—~«C 4 


and 96 y = 96x? = 600 


the distance covered by the train is 600 km in 6 hours 
and 15 minutes. 


Exercise 6.10 


(1) 15 oranges and g apples together cost Rs. 19:25. If instead, 
§ oranges and 15 apples were purchased, they together would have 
cost Rs. 21/— Find the price of each orange and each apple. 

(2) A School requested 150 copies of Algebra books and 140 
copies of Geometry books from the Text-book Bureau,together costing 
Rs. 1600/-. After a week the school further requested 120 copies 
of Algebra books and 130 copies of Geometry books. This time 
they had to pay Rs. 1370. What is the price of Algebra book and 
Geometry book per copy each ? 

(3) ff 1 is added to the’ numerator of a fraction, the resulting 
fraction has value 2. On the other hand if 2 be added to the 
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denominator of that fraction, the resulting fraction is of the value 
1. Find the original fraction. ji 

(4) It took 8 hours: to travel a distance from one city to the 
other by car. If the speed of the car was increased by 8km_ per 
hour, the same distance would have been covered in one hour 
less. Find the distance between the two cities. 

(5) On the opening day of the sale of tickets of a particular 
drama, in all 105 tickets of Rs. 10 and Rs. 8 were sold out. If 
the amount collected on that day was Rs. 922, find the number 
of tickets sold out of each category. 

(6) You know that the sum of the measures of two consecutive 
angles of a parallelogram is 180 - In a certain parallelogram measure 
of one of the consecutive angles exceeds the other by 20°. Find 
the measure of each angle of the perallelogram by forming simul- 
taneous equations. 

5. The perimeter of a rectangle is ‘28 cm. Its length exceeds 
twice its breadth by 5 cm. Find the length: and the breadth of 
the rectangle. | | | 

Let the length and the breadth of the rectangle be x cm. and 
y cm_ respectively. 

. perimeter of the rectangle is 
xtytxty = = 2%+2v 
= = 2(xty) cm. 
_ But the given perimeter is 28 cm. 
. 2(x+y) = 28 | 
vo ety = 14 oo. ee eee (1) 
The second condition gives 
=O) os ee en aa eee (II) 
Substituting the value of x from equation (II) in (I) we have, 
2tst+y=l4 
’. 3y = 14-5 
. 3y=9 ‘en S38 
Now, substituting y= 3 is equation (II) we have, 
KaOxX345 2. 211 | 
.. the length of the rectangle is 1] cm. and its breadth is 3 cm. 
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Exercise 6.11 | 
In the following examples form simultaneous equations and 
solve them. 
(1) In A ABC, mLB =90°. mZA exceeds mZC by 10°. 
Find the measure of each angle of A ABC. 


(2) The perimeter of a rectangle is 180 cm. Its length is ee 
than twice its breadth by 9 cm. Find the length and breadth of 
the rectangle. 

(3) In a right triangle sum of the lengths of its perpendicular 
sides is 84.cm. If the difference betweerl these sides is 12 cm 
find the length of each side of the right triangle. . | 

(4) In a cyclic quadrilateral the difference between the measures 
of a pair of the opposite angles is 12°. What is the measure of 
each angle in that pair ? 


Miscellaneous Exercise -6 (B) | 


1. If the numerator of a fraction is reduced by -1, its value 
becomes 1 and if the denominator is increased by 7, its 
value becomes 4. Find the fraction. | , 

2. A two-digit number is six times the sum of its digits. If 
the digit in the units’ place is increased by 2 and the digit 
in the ten’s place is decreased by 2, then the number so 
formed is 4 times the sum of its digits. Find the original 
‘number. | a 

3. A sum of money was distributed equally among a_ certain 
number of children. If there were 10 children more, each 
one would have got a rupee less. But if there were 15 | 
children less, each one would have got 3 rupees more. Find 
the sum of money distributed and also the number of children. 

4. A person bought a horse and a buggie together for Rs.3500 

_ After some months. he sold the horse at a gain of 25% and 
the buggie at a gain of 16+%. Thus he gained 20% on the 
whole. Find the cost price of the horse. | 
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5. Children were fallen in for drill. lf each row contained-4 
children less, 10 more rows would have been made. But if 
5 more children were fallen in each row, the number of rows 
would have reduced by g. How many children were there ? 
6. Last year, one kilogram of tea and 3 kilograms of sugar toge- 
-. ther cost Rs. 2). This year the rate of tea increased by 10% 
and that of sugar by 20%. So, the same amounts of tea 
and sugar now cost Rs. 23.45. Find the present rates of tea 
and sugar per kilogram. 
7. If the average ‘speed of an aeroplane is seduced by 60 kilo- 
| metres per hour, it would take 24 minutes more to go a 
certain distance. But if the speed is inereased by 40 kilometres: 
| per hour, it would take 12 minutes less to go the same dist- 
ance. Find the average speed of the aeroplane in. kilometres 
per hour. — 
“If the length of a rectangle is. reduced by 1] cm. and breadth 
increased by ]cm, its area would increase by 2 8q. cm. But 
if the length is inceresed by 2 cm, and breadth is reduced by 
Jem, the area would be increasedby 7:sq. cm. Find the length 
and the breadth of the rectangle. 
9. In the adjoining figure 7 4x + 2y 
the measures of the 
sides of a rectangle | 
are shown. Find the 
length and the breadth. 


| ~ 


| | 2x+3y+4. 

10. Five tables and 4 chairs together cost Rs. 1700. But, if the 
numbers of tables and chairs were interchaged, the cost would 
have reduced by Rs. 115. Find the cost of each chair. 

11. ‘The sum of the ages of two brothers is 43 years. Eleven 
years hence the age of the elder brother would be 3 times 
the then age of the younger. Find their present ages. 

12. Ashok scored first rank in some items and came up second 


_in some items of the annual sports. The first rank scored 


1)7 


13. 


14. 


15. 


16. 


5 points while the second place 3 points. Ashok scored 34 


points. If the number of items in which he stood first had 
been the number of items of his ranking second and the 
number of items in which he got second place was the number 
of his ranking first, his score would have reduced by 4 points. 


- Find the number of items in which he stood first. 


The difference between two numbers is 8 and ten times 


the smaller is equal to eight times the greater. Find the 


numbers. 


Post cards at 15 paise each and inland letters at 35 paise 


each were purchased. In all they were 44 and cost Rs. 11.40. 


- But if the numbers of the cards and letters were interchanged 


how much less amount would have been spent ? 

A passenger 1s allowed some free luggage in a railway journey. 
Two passengers had together 80 kilograms of luggage and 
they were charged Rs. 6 and Rs. 10 respetively for the excess 
luggage. If the whole luggage had belonged to one passenger 
he would have to pay Rs. 28 as excess luggage sneiee Find 


~ how much luggage is allowed free. 


The perimeter of an isosceles triangle is 18 cm. If the length 
of each of the congruent sides had been the length of the 
base and the length of the base had been the length of-each 
of the two congruent sides, the perimeter would have inereased 
by 3 cm. Find the lengths of the sides of the triangle. 
eee0e@ 
Chapter 7 3 


Quadratic Equations 


§ 7.1 Revision : 


You studied ‘ quadratic equations’ in the ninth standard. The 


general form of a quadratic equation is ax? +bx+c=0, (a0); 
a, b,c being real numbers. It is obvious that if a = 0, the equation 
will cease to be. a quadratic equation. 
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After substituting a value- of x in the quadratic expression 
ax?+ bx +c, if the quadratic expression reduces to zero, the equation 
is said to be satisfied by that value. The set of such values of ‘x’ © 
which satisfy the equation is called the ‘solution set’ or the 
‘truth set” of that equation. To solve a quadratic equation means 
to find out its solution set. 


It is quite easy to solve the equation ax? +bx+c = 0, if it is 
possible to factorise the given quadratic expression ax? + bx +. 
Read the following example. | | ‘ 
| 2x? +x-3 = 0 
_In this example, the constant term, — 3, is a negative number. 
So let us see if the difference between the factors of 3 xX 2 is 1. 
3-2 = 1. Therefore, the expression can be factorised. — | 
2x*+x—3 = 2x? +3x-—2x-3 
= x (2xt+3)-102x +3) 
= (2x+3)(x-1) 
oo (2x43)Cx-1) = 0 
~ 2X+3=0 or x-1=0 


x —_ -— 3 Or aoa | 
.. the solution set is | — 3, 1} 
Check : : 


(1) Substituting x = 1 in the | (2) Substituting x = —-2 in 
given equation. the given equation, | 


? _3\ -3)-32 
2(1)?+1-3 = 0 2( x) + yaad 
9 9 3 is 
2+1-3 = 0 oe case AT a 
ies 2-3-3 lo 
7 a 2. r= 
gag: 4 
9-356 2 
2 
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Exercise 7.1 
Find the solution sets of the following quadratic equations using 
the method of factorization. Check your answers by substituting 
the values of the variables in the respective equations, 


(1) 3x? +7x+2=0 — (2) 2x? -9x+10= 0 

(3) 2y7 + 15y+18 = 0 (4) 3m? — 10m +8 = 0 
(5S) 4x? -11x+6 = 0 (6) 4p? +11p +6 = 0° 
(7) 8x7 +10x-3 =0 ~— (8): Sx? -11x+6 = 0 
(9) oy? +17V+12 =0 (10) 6%? — 19x +10 = 0 
(11) 6x? —5x-6 = 0 (12) 2y? -Sy-7 = 0 


(13) 6x7 + 11x-10 = 0 (14) 277 -y-3 = 0 
(15) 2m7+11"+15 = 0 (16) 7x7 -—19x-6 = 0 
(17) 12y? + 1lly+2 = 0 (18) 6x? -x-12 =0 
(19) 5x7 +17x+6 = 0 (20) 3y?-7y-6 = 0 
§ 7.2 The equation ax* +bx = 0 | 
If ¢ = 0, the quadratic equation ax? +bx+c = 0 reduces to 
the form ax? + bx = Q. The expression ax? +5x can be easily 
factorized. | | 
Example s— Solve : 2x7 -—18x = 0 
| 2x? — 18x = 0 
ws 2x(x-9) = 0 
3. 2 =O or x-9 = 0 


Se. 20 0 or x= 9 
“. {0,9} is the solution set. 
Check : | _ % 
(1) Substituting x = 9 in (2) Substituting x = 0 in the 
the given equation, given equation, | 
2(9)?-18(9) £0 2(0)* -18(0) £0 
= a 
= 2x 81-162 = 0 2x0-18x0 = 0 
? 49 
- 162-162 = 0 0-0 =0 


TN 
\ 


oe 0 
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| Exercise 7.2 
Find out the solution sets of the following quadratic equations 
by using the method of factorization. 


(1) x? = 6x (2) 3x? -5x = 0 ~— (3) 4y? +79 = 0 
(4) 9x2 = 5x (5) 2x? = 5x - © 9m? —12m = 0 

(7) 4x2 -4x = 0 (8) 4x7 4+16x = 0 #8 (9) 2x7 -6% = 0 
(10) 3x? -3x = 0 (11) 8y? = —6y (12) 6p? = — Sp 


(13) 2x? -3x = 0 (14) 2x7 +10x = 0 (15) 4y? -20y = 0 
§ 7.3 The equation ax?+c = 0 | | 

If 5 = 0, the equation ax* + bx +c = Qreduces to the form 
Gx? +¢ = 0: If ‘c’ is negative and a is positive, subtracting Cc 
from both sides we get, | 

AG? ae 

Then dividing both sides by a we get 

x7 = <= oe 

a 

Now if we take square root of both sides we get the solution 

set. 


Study the following example, 


3x" — 243 = 0 
oo 3x" = 04s (adding 243 on both sides ) 
oe ee S81 (dividing both sides by 3 ) 
Pe x = 9 or x = —9 , 
So, {9,-9} is the solution set. 
Check : | | 7 | 
(1) Substituting x =9 in the | (2) Substituting x =—9in the 
given equation, | the given equation. 
, : 7 : 
3 (9)? — 243 = 0 | 3(-9)? —243— 0 
3X 81 - 243 = 0- 3x 81-—243=— 0 
| >. 
243-243 = 0 243 — 243 = 0 
0 0 or 0 
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Exercise 7.3 


Find out the soluion sets: of the following quadratic equations, 
2 
(1) 4x? = 16 (2) ro 5 (3) 9x7 -1=0 


(4) x?-3=0 * (5) (m+ 1)?-36=0 ©) (x+3)?-7=0 

(7) (n+ 5.)?— 64=0 (8) Gy— 1)7-18=0 (9) (x +4)? =1 

(10) (p— 2)?-12=0 (11) 9x? — 16=0 (12) x? — 4a? =0 

(13) (v—2)? =16 (14) 3 (x+3)?=75 (15) (2m +3)? =81 

(16) 4 (x+1)?=18 (17) 4 (z+ 5)° =9 (18) $(y—-1)? =27 

(19) 2(x—7)? =8 (20) 4 (2x - 1)? =20 

§ 7.4 Another saethod of solving the given ones | 
equation . 


Sometimes it is not possible to acterize the given quadratic 
expression ax + bx +c easily. In such cases we add or subtract a 
suitable number in the- given quadratic expression. Then we re- 
arrange its terms in such a way that some terms form a complete 
square. This immediately helps to find the solution of the given 
- equation. 


Example : 
1. Fill in the blanks in the following example, 
x2 + 8x—9—0 


4 (+0)? -9-Q=0 
s (240) S549 
apie = Vv L1+9 
ee nal 
2, Study the following example, 

2x74+5x+1= 0 
It is not easy to factorize the expression 2x? + 5x +1. There- 
fore, solve this equation as shown below, 


ax? 45x+1 = 2 (<4 = +4) 
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i 

tN Le 
, , 
x 

ai 
ia 
a 

) 

| 

= 

~) 
ee | 


V17 
_5+Vil of x= —-V17 
4 


4 ; 
Be ene BE v7, ae A is the solution set. 
4 


3. Ful in the following gaps appropriately, 
ax? +bx +c = 0 


S | x* rye x+ 5 | =o [°° 440] 


a (x ee 
; : («+ 8) a 
- J O 
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eae = oO 
1 nee 
: 2a 2a 
ee ~ br of b® — 4ac 
we oa 
4. Solve : 2x? —x-4=0. | 
In this example, a= 2,5 =>-1, c=—4 


..as per formula obtained in ex. 3 above, 


pe tii ev (4-4) 


2 (2) 
« PE alts. 
4 4 
a eelt¥B gee te 
[ Note : Consider the equation 2x*+x + 3=0. Here, a=2, b=1 
and c= 3. | | 
«as per formula above, x = —1 * (1)? -4(2)(3) 
2 (2) 
—- -1t v7 -23 
cn aes 


These are the solutions of the given equation. But 4/ —23 is 
not a real number.So these solutions are not real numbers. 
This means, that not all quadratic equations have solutions in 


the set of real number. | 


| Exercise 7.4 
Find the solution sets of the following eqations. 


(1) x7 +6x-2 = 0 (2) x? -4x +1 = 0 
(3) 3x7 +7x+3= 0 (4) 5x? = 2x +2 
(5) 6x? -7x-1= 0 [6] x? +3x-1 = 0 
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§ 7.5 Problems based on quadratic equations 
‘Examples : 
1. Sum of the squares of two consecutive natural numbers is 
61. Find the numbers. 
Let the first natural number be x. 
”. the next consecutive natural number will be (x+ 1) 
The sum of the squares of these numbers is 61. Hence the 
required equation is, 
x? +(x+1)?=61 
oe XP 4x? +2x+1=61 
“. 2x? +2x-60=0 
.. dividing both the sides by 2 
x? 4+x-30=0. 
(x+6)(x-5) =0 
* X+6=0 or x-5=0 
> <= —6 or x= 5 
.. the first number.is —6 or 65. 
Since —6 iS not @ natural number. the required consécutive 
‘numbers will be 5 and 6. 
Check : | 
Sum of the squares of the numbers is 
(5)° + (6) = = 25+36 = 61 
Exercise 7.5 
(1) Sum of the squares of three natural consecutive numbers 29. 
Find the middle number. 
(2) Sum of the square of a positive real number and thrice 
that number is 70. Find the number. 
(3) Sum of a non-zero number and its reciprocal is 42. Find 
the number. 
(4) Difference between a number and its reciprocal is $2. Find 
the number. | 
(5) Product of two consecutive even numbers is 48. Find the 
numbers. | 
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(6) Product of two consecutive odd numbers is: 143. Find the 
numbers. 

(7) Two natural numbers differ by 3. Their product is 180. Find 
the numbers. | | 

(8) Sum of the ages of father and his son is 45. Product of 
their ages is 200. Find their present ages. 

(9) The digit in the ten’s place of a two digit number is equal 
to the square of the digit in the unit’s place. If 54 be subtracted . 
from that number its digits are interchanged. Find that number. 

(10) Three consecutive odd numbers are such that the sum of 
the squares of the first two numbers is greater than the square of 
the third by 65. Find the numbers. 

2. The length of a rectangular plot is greater than thrice its 
breadth by 2 metres. The area of the plot is 120 sq. metres. 
Find the length and breadth of the plot. ; 

Let us assume the breadth of the rectangle to be x metres. 

*, its length = (3x+2) mtrs. 

Area of the rectangle = length x breadth 

= (3% +2)xx 

.. the required equation is 

(3x+2)xx = 120 

i.e. 3x7 +2x = 120 

ie. 3x*+2x— 120 =0 

 3x+20) (x-6) = 

-- 3X+20 = 0 or x-6 = 0 


.x=— 2 or x = 6 | 
*. the breadth of the rectangle = — 2° or 6 metres. 


But breadth cannot be a negative number. 
., the breadth of the rectangle = 6 metres. 
. length = 3 X6+2 = 20 metres. 
Check : 
Area = length x breadth 
= 20 X 6 = 120 sq. metres, 
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Exercise 7.6 


(1) The length of a rectangular ground is greater than twice 
its breadth by 5 metres. Area of the ground is 1125 sq. metres, 
Find the length and’the breadth of the ground. 


(2) The length of a rectangular plot is thrice its breadth. Its 
area iS 768 sq. metres. Find its length. 

(3) Perimeter of a rectangle is 44 cm. its area is 120 sq. cms. 
Find the length and breadth of the rectangle. 


(4) Area of a rectangular hall is 48 sq. mtrs. If the length and 
breadth be increased by 1 mtr. each, the area is increased by 15 sq. 
mtrs. Find the length and the breadth of the hall. 


(5) Perimeter of a rectangular playground is 60 metres. Its 
area 1S 216 sq. mtrs. Find its length and breadth. 


(6) The length of a rectangle is greater than its breadth by 5 
mtrs. Its area is 66 sq. mtrs. Find its length. 


(7) Difference between the length and breadth of a rectangular 
garden is 2 metres. Its. area is 120 sq. mtrs. Find its length and 
breadth. 


(8) One side of a right triangle ( excluding the hypotenuse ) 
is greater than the other by 2cm. Area of the triangle is 24 sq. 
cm. Find the lengths of the perpendicular sides. ( Area of a right 
triangle = 4 x product of the lengths of perpendicular sides.) 


(9) Sum of the lengths of the perpendicular sides of a right 
triangle is 42 cms. Length of the hypotenuse is 30 cms. Find the 
lengths of the perpendicular sides. 


_[ Use : (hypotenuse )? = ( base ) + (height )? ] 


(10) One perpendicular side of a right triangle is greater than 
thrice the other perpendicular side by 3 cms. The length of the 
, hypotenuse is 25 cms. Find the length of the perpendicular. sides. 
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3. Length of a rectangle is twice its breadth. If the length ts 
reduced by 3 cms. and breadth be increased by 3 cms. the area 
increases by 27 sq. cms. Find the length and the breadth of the 
rectangle. 


2x cms. | ( 2x- 3) cms. 


Area 


= (2x — 3) (*+3). 
— 2x7 +3x-9 


Area = 2x x x=2x? 


x cms. 
x+3 ) cms. 


( Fig. 1) | (Fig. 2) 
Assume the breadth of the rectangle in fig.1 to be x.. There- 
- fore its length = 2x | 


*, Area = 2X XxX = 2x? Sq. cms. 


Breadth of the rectangle in fig. 2=(x+3) cms. and length 
= (2x-3) cms. | 
Relation between the areas of the two rectangles is given 
.. the required equation is 
area of the rectangle (fig. 1) + 27 
= area of the rectangle (fig. 2) 
w. 2x% 427 = (2x-3) (x43) | 
2x7 427 = 2x7 +3x- 9 
Adding (— 2x? +9.) to both sides. 
36 = 3x 2. X= 12 
.. the breadth of the rectangle = 12 cm. and the length 
=2x 12=24 cms. : 


Cheek 
| Area of the first rectangle = 12 x 24 = 288 sq. cm. 
Length of second rectangle = 2 x 12—3=21 cms. 
Breadth of second rectangle= 12+3 = 15 cms. 
Area of second rectangle = 21x 15= 315 sq. cm. 
288 + 27 = 315 | 
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Exercise 7.7 
(1) Length of a rectangle is thrice its breadth. If the length is 
reduced by 3 cms. and the breadth is increased by 3 cms.,. the 
area increases by 2] sq. cms. Find the length and the breadth of 


the rectangle. 


(2) Base of a triangle is 25 times its altitude. Keeping the length 
of the base constant if the length of the altitude be increased by 
2 cms. The area increases by 15 sq. cms. Find the base and 
altitude of the triangle. | ; 

(3) Area of a square is greater than the area of another square 
by 24 sq. cms. If the difference between their sides is 2 cms., 
find the sides of the two squares. | 


(4) Length of one diagonal of a rhombus is greater than that 
of the other diagonal by 5 cms. The area of the rhombus reduces 
by 24 sq. cms. if the lengths of the diagonals are deduced by 3 
cms. each. Find the lengths of the diagonals. 


Miscellaneous Exercise — 7 


(1) The ‘sum of two natural numbers is 15 and the sum of 
their squares is 117. Find the numbers. 

(2) The difference between the lengths of the two sides of a 
right triangle containing the right angle is 7 and the area of the 
triangle is 60. Find the length of the hypotenuse. | 

(3) The sum of the squares of three consecutive natural num- 
bers is 365: Find the middle number. 

(4) The area of a rectangular garden is 432 sq. metres and 
the length of the fencing around it is 86 metres. Find the length 
and the breadth of the garden. 

(5) If from the square of a number is subtracted nine ‘times 
its next consecutive number; the remainder is 81. Find the number. 

(6) The sum of the digits in a two-digit number is 9 and the 
product of the digits is 20. How many such numbers are there and 
what are they ? 
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(7) 500 bottles of a drug were packed equally in some contain- 
ers. The number of bottles contained in each container was less 
by 5 than the number of containers required... How many bottles: 
were packed in each container ? 


(g) The distance between two opposite corners of a rectangular 
field is 34 metres and the length of the field exceeds its breadth 
by 14 metres. Find the area of the field. | 


(9) When the children in a school were arranged for a mass. 
drill in equal rows, there were 5 rows more than the children in 
each row. Jf the roll call that day was 750, how many rows were 
formed ? | 


(10) The perimeter of a right triangle is 56 cms. and the diffe- 
rence between the lengths of sides containing the right angle is 
17 cms. Find the length of the hypotenuse of the triangle. 


(11) The sum of the squares of two consecutive odd numbers 
is greater by 2 than 16 times their sum, Find the numbers. 


(12) The number denoting: the area of a square is the same as 
- the number denoting its perimeter. What is the area of the square ? 


(13) Ina mango-grove there are 4 more trees in each vertical 
row than in every horizontal row. If the total number of trees 
is 480, find the number of trees in each horizontal row. 


(14) A fraction and its reciprocal add up to 25, Find the fraction. 
How many such fractions are there ? | 7 : 


(15) The product of four consecutive positive numbers is §40. 
Find the largest of the numbers. | 
: @@ee @ 


130 


Chapter 8 
Polynomials 


§ 8.1 Revision 
~ You have learnt about polynomials. 3x, —4x?y, 3 abc, - 5, 0,— 
3x +y, x* — 5x + 24, a? + 2ab + b?, a® — §a2+7 are all polynomials. 
3x is not a polynomial because the index of the variable x 


2 2 ee 
iS a negative integer, Similarly a°* +a is not a polynomial because 


'- the index of a in. the first term is a fraction. Indices of variables 


in a polynomial are always non-negative integers. 


Addition and Subtraction of Polynomials : 

1. Add 5a7b? —7ab? + 5ab and 6ab* - 5ab* - 4a7b? while 
adding or subtracting polynomials, like terms should be brought 
to-gether. | So : 

( 5a2b? — Jab? + 5ab ) +( 6a* — Sab? — 4a75? ) 
= ( 5a7b? - 4a7b? ) + (— 7ab* + 62b® ) + Sab - Sab? 

elcadaee’ collecting like terms. 
= a*b? — ab® + Sab — sab? 

We now add the above polynomials columnwise. 

| $a?*b? — 7ab3 + Sab 

~ 4a2b2 + 6ab3 5 ab? 

a?bh2 —ab® +5ab — Sab? 


2. Subtract 3x*y + 5xy3 — Ty +8 from 6x°y ~ 5x?y? —2xy3, 
(6x°y — Sx? y? ~ 2xy>) ~ ( 3x3y + Sxy3 — pxy +8) 
= 6x°y — 5x? y? — Ixy? - 3x3 y — 5xy3 +. 7xy —8 
= 6x" y — 3x°y — 5x? y? — axy* — sxy3 + 7xy-8 
ee collecting like terms 
= 3x*y- 5x?y? —7xy3 + 7xy —8 | 
Note that the sign of each term in the second polynomial is reversed. | 
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Subtracting columnwise 
6x5 y — 5x? y? — 2xy3 
— 3x8y + 5xy> 7 7xy +8 
3x%y — 5x?y? — 7xy3 + 7xy — 8 
3. If A= (a? +3ab +5?) and B= (2a? — 2ab + 4b? ) then express 
A+B and (Il) A~—B in the simplest form. 
. A+B= ( a? + 3ab + 6* ) + (2a — 2ab + 4b? ) 
= a? + 2a? + 3ab —2ab + 5b? + 4b? 
=3a24ab+5h2 
Is the above expression a polynomial ? 
A-B =( a? +3ab+5? ) —( 2a? — 2ab + 47) 
sa? + 3ab+4+b? — 2a? + 2ab— 4b? 
= a? —2a? + 3ab + 2ab + 5? — Apes a 
— a? + 5ab ~— 3b? 
Is: nee expression A — B a polynomial 9 
From the above examples, we can say that the sum or difference 
of any two polynomials is always a polynomial. 
4. If A =x? — 58 +6 and B = xP +2 ame A—2B8 in its 
simplest form. 
A-2B = x* -5x+6 — 2 (x2 +42) 
2 — 5x+6 — 2x? —4 a | 
= x? - 2x9 — §x+6-4 = —x?-5x+2 
| Exercise 8.1 
1, Add the following polynomials. 
(1+) 3x2 +5x+ 10; 2x7 +42 
(2) 4a? —Sa+6; a*+2a —5 | 
(3) 5a7b* —7ab* + 2b* ; 4a76* +3ab° +b* | 
(4) at —b* ; at + b* | 
(5) m eee ; —m + §mn 7. 
(6) x8 — 5x7 47x48 5 4x5 +2x* — 7x 
(7) x4 xP $x2—x4 i 5 x8 — x? 
(8) rx) — —$x47 5 x7 4gx-5 
(9) 10x? +6%+9 50 | 
(10) x? ee ; x? + 5x- 6 


Wa 
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2. Subtract ‘the second polynomial from the first. 

C1) 3x9 — 5x7 4+ 7x46 5 2x +x? —-Sx+2 

(2) 74° +5a-6 ; 24-7 

(3) 55* - 4b? - 35 ; : 3b + 5b* 

(4) a4 -3a"b + 5ab? + 7ab3 — 4b*; 

.a*t + 5a*b — 4a2b? + Gab? — b* 

(5) 3x7 -3gx-—5 5 gx? + 5x43 

(6) a3 - Sa? +7; 5a—7a? +a 

(7) m?~—mn+n? ; m?—n?® 

(8) 0; x? —y" + Sxy 

(9) x? -5¥ +6; 0. 

(10) p> 4p +73; p? ~4p+7 
3. Simplify 

(1) (4x2 -5x+7)- (3x7 +2x4+1)+(-x? +x-5) 

(2) (4? +5a-6) — (2a? +2a-3)+(a*?-7a+9) | 

(3) (m? —5m+7)+ (4m? +m—2)—(3m?-2m) > 

(4) —(x? + 5x-6) + (x9 +x? 4+ 5x) -(49 +4) 

(5) (a+b)42(b+e)4+3(¢44) 
(6) 5 (¥-3)470 x? -x42)- 3(x° + 5x44) 

(7) (y? -S5y+6)-2(y?-2)- 

(8) 2 (xtytz)—-3(x—-ytz)4(x-y-2z) | 

4. Find the polynomial which when added to the sum of the 
‘polynomials x? —5x+7 and 2x? +4 will give the sum 5x?4+4x+3. 

5. Find the polynomial which when subtracted from the poly- 
nomial a? —2a+5 will give the polynomial 2a? + 5. | 

6. Subtract the polynomial m2? +2m-—3 from the polynomial 
3m? — 5m+7 and add to the remainder the polynomial —2m?+42ni+2. 

7. Wf A = 5x? -7x4+6, B=2x274+7 and C=ax? +2x —-3, 
express the polynomial D in the following examples in its simplest 
form, , | | 
(1)4+B=D (2) B-C=D (3) A-2B=D 
(4) A+D=C (5) D-B=A (6) A-D=B 
(7) A+ 8=C+D (8) A+D= A (9) AFB=A4D 
(102) A~-C=A-D (11) A+ D=0 (12) A-D=0 
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§ 8.2 Degree of a polynomial 

Every monomial is a polynomial. First let us consider a poly- 
nomial having only one term. ( monomial ). | 

In the monomial 6275° index of a is 2 and that of b is 3. 
The sum of the indices of the variables a and 5 in this mono- 
mial is 5. Hence degree of the monomial 6275 is 5. 

The degree of any monomial is the number showing the sum of 
the indices of all the variables in it. You have learnt that the 
| number 7 is a monomial. 7 can. be written as 7x°, hence degree 
of the monomial . is zero. 

‘The monomial ‘Q’ can be written as ox°,ox°®, om®. Hence it is 
not possible to pie its degree. Therefore we say that the 
monomial ‘0’ has no degree. 

The values of the monomials like 5x, — 64°, ~ 3m* change with 
the values of the variables. But the values of the monomials like 
1,4, 0, —10 do not change, hence they are called ‘ constant 
monomial.’ The constant monomial zero has no degree and the 
degree of the non-zero constant monomial is zero. 

The number ~ 7. in the.monomial ~{x7y is called | as the coefii 
cient of the monomial. 

7 Exercise 8.2 

1. State the degree of each of the following monomials. 

Ay) 4x? (2) yaa (3) ~8 (4) x?y (5) 0 (6) —mn 
(7) 4 x" (n is positive anise) (8) xP y® (m and nm are 
positive integers ) 3 
9, State the coefficient of each of the. following monomials. 

(1) 5x* (2) —4y? (3) m? (4) 5x (5) - 4 

3. Fill in the blanks. 


(1) The coefficient of the monomat 5x3 is and its 
degree is | 
(2) Of -x® and x- 3 |... ig not a monomial because .... 
1 : | | 
(3) Of x? and x?, .... is not a monomial because .... 


(4) .... monomial has no degree. 
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(5) Of 7x?, 7x and 7, the degree. of the monomial.... is zero, 

(6) The degree of the monomial 4a°*b is .... 

(7) The degree of the monomial .... is 1 and its coefficient 
is —5 { use m for the variable ). | 

We now know how the degree of a Solynomial having one 
term is determined. 

The polynomial is expressed as a sum or difference of mono- 
miais. These m>nomials are called terms of the polynomial. The 
highest of the degrees: of the terms of the polynomial is called 
the degree of that polynomial. | 

In the polynomial 3x*y — xy +7x* — §xy* the degrees of the 
terms are 4, 2, 4 and § respectively. Out of these, the highest 
degree is 5. Hence the degree of the above polynomial is 5. 

In the discussion to follow we shall mainly consider polyno- 
mials in only one variable. 7 


§ 8.3 Cofficient Form of a Polynomial 


Generally the polynomials are written in the descending o.ders of 
the indices of the variable. The polynomial 5x? — 4x +x® +7 can be 
written in the descending order of the indices of the variable x as 
XP45x5— 4x + 7. In this polynomial some powers of x are absent. The 
terms containing the powers x>,x* and x? are missing. This 
means that the coefficients of these terms are zero. Now inserting 
these missing terms, let us express the polynomial in descending 
order of the mdices. 

x® 4 0x® 4 0x4 + 5x3 + ox? —4x47 


(1) 

Now there are 7 terms in the polynomial and its degree is 6. | 
We can express this polynomial as ( 1, 0, 0, 5, 0, —4, 7) by 
writing coefficients of each of its terms. This form of expeessing 
a polynomial is known as the coefficient form of the polyaomial 
and the form (see I) where the symbols ( x, y etc. ) are used ‘is 
known as the index form of the polynomial. 


Let us write the polynomial x* —2x in the coefficient form. 
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Here terms confaining the powers x?, x? and the constant term 

are missing. Let us write the polynomial, inserting the missing terms 

and arrange in the descending order te Indices. 

x* 40x? + 0x? —2x+0 

Now it can be expressed in the coefficient form: as 

(1, 0, 0, — 2,0 ).. | 7 

Here we find that ‘the number of terms in the polynomial 

is 5 and its degree is 4. Which means that the number of _ coeffi- 

Cients is 1 more than its degree. | 
Now let us see, what is the relation between the degree and _ 

the number of coefficients of the non-zero constant. polynomial. 

The degree of the non-zero. constant polynomial is zero and the | 

number of coefficients is 1. Therefore the number of coefficients 

in the non-zero constant polynomat, is also 1 more than its degree. 


Examples- 

"1. Express the following polynomial given in the coefficient 
form, in the index form. (4; 0, 0, —7, 5) 

For writing in the index form, we will have to determine its 
degree. The number of coefficients is 5, hence the degree of the 
polynomial is 5— 1 = 4. By using the variable x, we can express 
the polynomial in the index form, as 4x* + 0x° +0x?2 —7x +5. 
‘Deleting terms with zero coefficients the above polynomial is 
written as 4x* — 7x + 5. 

2. Express the polynomial C1, =f, 0) given in the coefficient 
form, in the index form. | 

Here the number of coefficients is 3. Hence the degree of the 
polynomial is 2. 

2 1x? -1x+0 ie. x2 —x is the required index form of 
the polynomial. > 

3. aie the polynomial 5x*. in the coefficient form. 
| sx = 5x*+0x>+0x7 +0%+0 

. (5,0, 0,0, 0. ) is the required coefficient form of the poly- 
varia: 
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4. Express the polynomial ax° 4+ 5x? +7 in the coefficient form. 
ax3+bx247 = axi t+ bx*+0x4+7 
. (a, b, 0, 7) is the required coefficient form of thc polyno- 


mial. 
5 If A= ia ee +cx? 4+dx+e and B = ax445x3-45 


are equal polynomials then find the values of a, b, c, d and e.- 

In order. that A and B are equal polynomials the coefficients of. 
like powers in both polynomials should be equal. In the polynomial 
B the powers x? and x are the missing terms, which means that 
coefficients of x? and x are zero. 

2 a=562=3,c=0,d=0 ande = 5, 

Exercise 8.3 

1. State the degrees of the following polynomials and express 
them in the coefficient form, 
(1) 3x?-10x4+7 (2) yt t1y3 479-6 (3) Pe 


(4) 7-Sata* (5) —7¥8 (6) -5 
(7) x? —pxt+q (8) x | (9) ax? 45 
(10) — * (il) axS-dx = (12) axe 


2. State the jee of the following polynomials and express 
them in the index form. | 

(1) (1,10-5) (2) (50 0,0, —7) (3) (4-3) 

(4) (2,0,0,0;0)} (5) (4, 4, ¢,.d-) (6) (4,0,0,5) 

3. If the polynomials ax* + bx? +¢cx+d and 4x° — 5x? + 7x-6 
are equal, find values of a,b,c and d. | : 

4. If the polynomials ax*—bx+c and 7x? + 5x —4 are equal, 
find values of a, 5, c and atbt+e. 


§ 8.4 Multiplication of polynomials | 
1. Multiply the polynomials 4x?- 5x +7 and. 2x + 3. 
(4x? — 5x +7) x (2x43) 
(4x2 ~ 5*+7) x 2x+( 4x? — 5x +7) x rid aidan 
gx > — 10x? + 14x + 12x? — 15x+21 (removing brackets ) 
gx? — 10x? + 12x? 4 14x— 15% + 21 
8x3 + 2x? —x+21 | 


At 


me ky) 


| Following is another method for multiplication. 


4x? — 5x +7 
ix 2x +3. 
—8xF— 10K7 +140... sees (multiplying by 2x ) 
12x? — 15x +21 ..... «see's. (multiplying by 3) 
gx + 2x7 -—x4+21 0 2.2... amaan ( Adding ) 


_ if A =4y+S5y?-7 and B =y? — 2y+ 3, express AxB in 
its. pe form. 
Let us insert. the missing power y? in the polynomial A and 
rewrite A in the descending order of the indices and muitiply it 
by the polynomial B, 


sy +0y? +4y-7 
x yr —2y+3 
‘Sy® + Oy* + ay? — Ty? ....0000., {muttiptying by y? ) 
—10y* + Oy? — 8y? + I4y.....( multiplying by —2y) 
Isy® + Oy* + 12y— 21 ( mattiplying by 3) 
sy” — 10y* + 19y* — 1Sy? + 26y— 21 ( Adding ) 


Is the expression A x B above a polynomial ¢ 
What is the relation between the degree of the polynomial AxB 
and the degrees of the polynomials A and B? | 

The degree of the polynomial A is 3 and the degree of the 
polynomial B is 2, while the degree of the polynomial Ax B is 


5,(3+2 = 5) 
We can observe that the same relation holds between the degrees 


of the two polynomials and the sia of their product. in ex.] 
also. . 

We can generalise this as — 

The product of two polynomials of degrees m and n is a 


polynomial of degree m+n. (This obviously holds true only for 
non-zero polynomials. ) | 
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Exercise 8.4 


1. Multiply the polynomials in the following examples and. state 
the degree of their products. 


C1) 27+ 5x42 5 x43 (2) 5x? -2x+3 5; x-2 
(3) a2 +4a? ; a*-Sa+7 (4) m*—1 ; m?4+5 

(5) y?-1 5 y? +1 (6) x?7-x4+1.5 x41 
(7) 5x°-7x+6 3; x-3 (8) x?-2 ; x3 +6x4+5 


(9) 4y?-6y+7 3 y?-y-2 = (10) ax? +bx4e 5 x-—p 


2. ‘Complete the following 


~ Polynomial A | Polynomial B | Polynomial AxB | 


x7 4+ 5xX—7 
y3 —3yt4 
*—7Ja+8 
* + 7x —9 
2y? — 5y-3 


m3 —7Jm_ 


3 5x 


a+ 2ab + b2 
a? + 5% 


Use the above table and fill in the blanks. 

(1) If any polynomial A is multiplied by the constant poly- 
nomial 1 the result is polynomial ...... 7 

(2) If any polynomial A is multiplied by: the ‘0° polynomial, 
the» ‘result is .... polynomial. | | 


§ 8.5 Division of Polynomials 


We ave seen how to add, subtract and multiply two polynomials, 
Now we shall see how to divide one polynomial by another polynomial. — 
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}. Divide the polynomial x7 45X46 By the polynomial % +2. 
— xX¥+3 

X42) x? 45x46 — 
Re DR chica ..» (product of x and x +2) 


BX +6 weeeeee ( first remainder ) 
3x +6 ....... (product of 3 and x+2) 


O, + teeacacy ( second remainder ) 

_ Thus, if x7 +5x+6 is divided by x+2 the quotient is x+3 
and the. remainder is zero. We can express this in the form. 

Dividend = Divisor x Quotient + Remainder as - 

x? + 5x46 = (x42) (x+3)+0 

In the above example as the remainder is zero we can express 
this as 

(x7 + 5x+6)+( x42) = x43 (a polynomial ) _ 

2. If A = 3-x3 4 5x and B = 2+x, divide the polynomial 
A by the polynomial B. and express the dividend as — - 
Dividend = Divisor x Quotient + Remainder. ot 

Let us insert the missing powers in the dividend and the divisor 
in descending order of indices. : 


| —x? 42x41 
XQ) xP 40x72 + 5x43 | | oe 
» SIN chaiceeesen eas (product of —x? and x+2) 
+ + | 
2x? +5x+3..,.... (first remainder ) 
LOX PAN a ctanwes (product of 2x and x+2) 
x+3...... (second remainder ) 


X42.... (product of 1 and x+2) 


1.... (third remainder ) | 

As the degree of remainder i.e. polynomial 1, is less than the 

degree of the divisor i. e. polynomial X+2, the division connot be 
performed any further. a 

In this example, dividend = 3— x? + 5x, dives = 2+%, 
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quotient = —x*+2x+1 and the remaincer = 1 
23 — xP 45x = (24x) Cx? 4+2x41)41 
Here the remainder is not zero but the constant polynomial 1. 

= a, 1) 
; (3 —x945x ) (24x) = = (—x*+ 2x41) 4+ —— cs 

which means that in this example A+B is not a polynomial. ( It 

is clear from the right hand side. ) | 
3. Divide 4x°+15x—7 by 2x?-—x+5 and express it in the 

- form Dividend = Divisor x Quotient + Remainder 

| 2x + 1 
2x? —x+5) 4x°>+0x? + 15x-7 
4x? ~ 2x? + 10x 


2x? +5x—7 .... (first remainder ) 7 
2x? —~x4+5 7 , 
- + = : 
6x—12 ..... (Second remainder ) 


As the degree of the remainder is less than that. of the divisor, 
division cannot be performed any further. 
o. 4x34 15x—7 = (2x? ~x45) (axt1)+(6x- 12) 
In this example the degrees of the dividend, divisor, quotient 
and the remainder are 3, 2, 1 and 1] respectively. 
4. Divide the polynomial x+4 by the polynomial x? — 2x + 5. 
In this example the degree of the dividend is less than the 
degree of the divisor. Hence division cannot be carried out or in 


other words we can say that the quotient is zero and the remain- 


der is same as the polynomial in the dividend, 
; | 
x7-2x+5) x+4 
_ 0 
x+4 


From the above examples we observe that , 
(1 ) We cannot divide a polynomial by another polynomial whose 
degree is greater than the degree of the polynomial in the dividend. 
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(2) The remainder is either a zero. polynomial or a polynomial 
of degree less than that of the divisor. 

(3) The degree of the quotient is equal to the degree of the 
dividend minus the degree of the divisor. 

Exercise 8.5 

_ Divide first polynomial by the pone and express the result 
in the form. 
_ divident = divisor x qnotient + remainder 


(1) 8x?7+4x 3 x42 (2) y°-9 3; y+3 
(3) m? +64; m+4 | et haleaelh aid 
(5) x8 — 4x? +5x-2;x%-1 (6) x7? -x-—2; x-1 
(7) 4x? +16x 3 4412 — (8) pei tcn cea an x?—-7 
(9) 125y8 +13 Syt1 (10) 48 xP 5 x2? 4x41 
(11) x-1043x7 5 x+2 © (12) y3 + 1Oy?— 48y 41; y?—5y47 
(13) x? -a? ; x+a (14) x? +a3 ; x+a 
(15) ax? +bx4e3 x-p (16) ax2?+bx+e 3; x+p 


§ 8.6 Synthetic Division 
| You have learnt how to divide one polynomial by another, when 
they are expressed in the index form. Now we shall study an 
easier method of division when the divisor is of the form x ta.. 
This method of division is called ‘ synthetic division ’ 

1. Divide the polynomial 4x3 — Set] by x —3 and express the 
result in the form— | | 

dividend = divisor x quotient + remainder. 

Let us write the dividend in the coefficient form. In this example. 
the divisor is x—3, so for the purpose of synthetic division we | 
consider the divisor as 3 which is the opposite of -3. 


344 0 ree 7 ssseee. first row 


Pai oisees second row 


.... third row 
Explanation : 7 


(1) Write the dividend in the coefficient form in the first row. 


142 


(2) Divisor is (x-—3) ..*. In place of the divisor write 3 
whice is opposite of — 3. 

(3) Draw a vertical line between the divisor and the dividend 
and draw a horizontal line below the dividend leaving some 
space for the second row. ; | 

(4) Below the horizontal line, in the third row, write the first 
coefficient 4. 

(5) Multiply the first coefficient 4 in the third row by 3, the 
number in place of the divisor and write the product 12, - below 
the second coefficient 0, in the second row. Write the sum of the 
second coefficients ( here Q and 12) in the first and the second 
row in the third row, | 

(6) Write the product of 12 (from the third ou: and 3 
- (the number in place of the divisor ) i.¢ 36 below —5 in the 
second row. Write the sum of — 5 and 36 i.e 3] in the third row. 

(7) Write the product of 31 (from the third row ) and 3 
( the number in place of the divisor ) i.e. 93 below 7, in the 
second row. Write the sum of 7 and 93. i. e. 109 in the third row 

(8) The last number 100 in the third row is the remainder 
and rest of the coefficients in the order give the quotient (4, 12, 31) . 
in the coefficient form. 

.. quotient = 4x? + 12x+31 and remainder = 100 

Hence 4x* —5x+7=(x-3) (4x? mae) 100 

2. Divide 5x* — 6x? + 5x 18 by x—2. 

Let us write the dividend in the coefficient form. The divisor. 
is x — 2. Hence in place of the divisor we shall write 2. Which. 
iS opposite of — 2. 


2 R) —6 0 5 -18 
10 8 16 42 
5. 4 8 21 


, quotient = (5, 4, 8, 21) =5x° + 4x? 49x42) and remain- 
der = 24 
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", 5x4? —6x* + 5x—-18 = (x—-2) (5x9 44x? + 8x4 21 ) +24 

3. Divide 7y*® — 5y5 + 4y— 23 by y+2 

Let us write the dividend in the coefficient form. The divisor 

is y+2 .. in place of the divisor we write — 2 which is opposite 

(of 2. : | 
= 


os quotient = — 5y* +10y* — 13y? + 26y — 48; remainder = 73 
*. Ty? —Sy> + 4y — 23 = (y +2)(—Sy4+ 10y> — 13y?+ 26y — 484-73. 
4. Divide x*-81 by x+3 

*—g1 = x*+0x° + 0x7 +0x-81 
‘a us write - 3 in place of the divisor ( here divisor is x $3) 


ns oer = x3 — 3x? 49x- 27 ; remainder = 0 
. xt—gl = (x+3) (x3 — 3x? +9x-27) 
5 ae ay * + by +c by y-p 
As the divisor is y— p. write p in place of the divisor, | 
a : b c | 
____ 9p ap? + bp __ 
fap? + bp +c| 
, we quotient = ay+(ap+b); remainder = ap? +bp+c 
J. ay? +byt+e = (y—P) [ayt+(ap+b))] +ap? x bp +e 
| - Exercise 8.6 
Use synthetic division method for performing following divisions. 
Write the result in the form dividend = divisor x quotient x remainder. 
(1) (x8 — 5x? +7x +2) = (¥-1) (2) (x4 — 5x743)+(X-1) 
(3) G2 +7y? +5y+3)=Q41) (4) O4-1y7 +2) + (y-1) 


(144 


(5) (xt -3?- + 11x-—5)=(x-1) (6) (y3+7y?+9y +3)> (yt1) 
(7) (x*-16) + (x-2) (8) (yt-16) + Cy#2) 
(9) (x3 +125) + (*+5) (10) (49-7443 ) > (4 ~ 3) 
(11) (4x* — 5x? +15) + (x-3) (12) (Sy*-2y° 479-5) +O-2) 
(13) (x840x?40x-a9 )+(x—a) (14) (x8 +48) (x42) 
(15) (ax? +:bx +c) +(x-p) (16) (ax? + bx+c) + (tp) 


§ 8.7 Divisibility in Polynomials 


When one polynomial is divided by another eve we. 
have seen that 

Dividend = divisor x quotient + remainder where the remainder 
is either a zero polynomial or a polynomial of degree less than 
the degree of the divisor. | | : 

0o< 7 of the remainder < degree of divisor. 

If dividend = P, divisor = A, quotient = @Q and remainder = R 
then P=AxQ : R where (1) R is a zero pean or 
(2) degree of R is less than degree of A. 

Division cannot be carried out if the degree of the divisor is 
greater than the degree of the dividend. 

If R = 0 (remainder is a zero polynomial ) we get P = A x Q. 
In this case P is said to be divisible by A and if R 0, then 
P is said to be not divisible by A. | | 
Examples : 


1. If P = 7x9 — 5x7 4+6x-—4 and A = x+2, find whether P 
is divisible by A. 


Let us f ind the remainder by synthetic division. 


Here remainder = —92 i.e. non-zero 
.. P is not divisible by A. 
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2. Determine whether 4x* — 5x? + 6x — 5 is divisible by x- 1 


Here remainder is zero. 

oo 4x4 — 5x? +6x-—5 is divisible by x — ]. 

3. Is 6x? —x?2 —22x +15 divisible by 3x2 +4x—5 
In this example the divisor is not of the form xta. Hence 
we cannot perform synthetic division. Hence we shall find the 
remainder by the usual method of division. 

a — 3 , 
uxt ae 5)! —x*—22x415 
6x° a 8x? — ~ 10x 


— 9x? — = 15 

— 9x7 — 12x +15 

+ + = 

0 
Remainae is zero. 
”. 6x" — x? —22x4+15 is divisible by 3x2 +4x-—5_ 
Exercise 8.7 
By synthetic division decide whether first polynomial is divisible 
by the second, 

(1) x? —x-6,;x-3 (2) x? 4Oxr485%42 
(3) y®-Sy246y-23 y-1 (ss 4) mt 81.5 m3 
(5) x3— 5x? +6x—28;x-4 (6) 2m347m%+6m+1 5m +1 
(7) 4y? -y? - 2979+ 30; y4+3 (8) x4-13%7+10x46 5 x- 3 
(9) p?-3p?+2p-8;pt+4 (10) y> +64; y+4 
(11) x° + 3ax? + 3a? x40"; xta (12) x? -a? 5 x-a 
§ 8:8 Value of the Polynomial 


You have learnt how to find the value of the polynomial 
when value of the variable is given. 
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Examples :— 
1. If P = x*—5x+7, find the values of : 
(1) P | x3, (2) |x=—4 (3) Jx=0, (4) Plx=a 
| P= x? —§5x+7 
= 3 =27-15+7= | 
~ (a) ? leas (3)? -5(3)+7=27-15+7=19 
(2) Pea (- 4)°—5( 4)+7=— 644 20+7=— 37. 


() Piece = (0) -S(O)47=7 


es — | ss 
(4) per = (4) 5(a)+7 =.4 5a+7 


21f A= y3— 7y? +8. find the values of : 


(4) Alyse 
A = y®—Ty?-+8 
2» Q) 4lys2 = (2)°-7(2)? + 8=8-284+8=- 12 


(0)? -—7(0)?+8 = 8 


(2) Al, =o 


(3) 4ly--, = CP -70- 1 t8= -1-74+8=0 
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(4) Al, = (b)?-7(6)? +8 = b°— 7b? +8 


3. If the value of the polynomial 2x7 +5x+5 when x = 2 is 
29, find 5. 


Let P = 2x*7+bx4+5 


Pl = 2(2)?+6(2)4+5 
ine x=2 


-» 299 = §+264+5 
.- 299-13 = 26 


16 = 2b 

.8=H5b 

ae | | 
4. If the value of the polynomial ax? —6x?+5x+5 when 


x = -—]| is —7 and when x = 2 it is 8 find a and Bb. 


Let P = ax*® ~6x74+5x+5 


Pp = a(-1)3-—6(-1)9 +5(-1)4+5 
: x=-—] | 
SF SeagHGosts 
ee oe en ree rere ee (I) 


a 3_ ¢(4\2 
Similarly P|. _, = 762)? ~ 6(2)*? +5(2) +6 


as. 8 = 8a-—24+ 1045 

oe BAO S22 cece ieeeaus (II) 

Solve the simultaneous equations (I) and (II) and obtain 
values of a and 6b as a = 2 and b = 6 

Exercise 8.8 

1. Find the values of the polynomial 3x? + 5x — 4 when WM x=0, 
(2) x=1, (3) ¥=-2 (4) x=a, (5) x=-p. 

2. Find the values of the polynomial y* + 2y—3 when (1) y= —1 
(2) y=2, (3) y= 2, (4) y=—2¢, (5) y= (a+b). 
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3. Find the values of the polynomial x* — 3ax? 4+ 3a?x- a® 
when (1) x=a@ and (2) x=-a 

4. Find the value of the polynomial px? +qx-+r when x= a. 

5. Find the value of the poiynomial Qax? - 3ax + 5x + a* when 
x=— 2a. 


6. Find the value of the polynomial y? —2y when y = a+ os 


7. If the value of the polynomial x*—9x?+cx —§ when x =~] 
is — 10, find c. 

g. If the value of the séivnoriia x3 + ax? + bx +7 when x= 1] 
is 3, and when x= —2 it is 9, find a and b. 

9. If the value of the polynomial 2x* + px? + qx+.10 when x =] 
is 0. and when x =-2 it is -2 find p and q. oe 

10, If the value of the polynomial 4x? 45x? —5x+4+c when 
x=0 is 7, and when x=] it is 6. find b and c. 


§ 8.9 Remainder Theorem : 

‘Divide P= 4x? — 5x? +7x— 10 by x —2 and express the result 
“in the form dividend = divisor x quotient + remainder. 

‘4 #°9—5 7 - 10 


8 6 26 


4 3 13 lig 


Here quotient = 4x? + 3x +13 and remainder = 16 
". 4x2 — 5x? +7x-— 10=(x=—2) (4x? + 3x4 13) + 16 


Let us find P 0 _ 


P = 4(2)?-—5(2)? +72) — 10 
x=2 
= 32-—20+14- 10 
= 16 
Thus the value of the polynomial P when x = 2 1s the same 
as the remainder when P is divided by x — 2 
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Can this be proved ? 


~§x? +7x—10 = (x-2) (40? + 3x +13) + 16 

In this equality if x is replaced by 2, we get 16 on the right. 
hand side. But it is the remainder when the polynomial is divided 
by x—2. | 

P | 

Thus — ne ie R, 

where R is the remainder when P is divided by x-—2. This is 
known as the ‘ Remainder Theorem. 


Remainder Theorem :~ If a polynomial P in x 1s divided by 
x—a, then the remainder is the value of the polynomial P when 
x = a. 


_ Examples : 
_}. Find the remainder when the polynomial 
P = x®-12x247x4+9 is divided by x—2.. | 
In this example the divisor = x — 2. Therefore we take x-—-2=0 
165.) SS 2, 
". By Remainder Theorem the required pemmiiaee = 


P= x° — 12x? Fx) 49 


 « 


x= 2 


P = 
= (2)9—12(2)? +7(2) +9 
me ees 

= 8— 48+ 1449 
-—-17 
.. Tequired remainder = — j7 


The remainder will be — 17 even if -it is calculated by synthetic 
division. 

2. If 3x4 + 5x? + px + 171 is divided by x+3 the remainder i9 
53. Find p by Remainder Theorem. 

Here divisor x+3 .*, equating x+3 to zero we get x = — 3. 

A = 3x4 45x? + pxt+17 
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Aj. | 3(-3)*4+5(-3)>+p(-3) 417. 


“2 53 = 243-135-3p +17 
1253372 
e° pP — 24 


we) 
x 
| 


Exercise 8.9 
1. Using Remainder Theorem find the remainder when the 
first polynomial is divided by the second polynommal. Check your 
answer by synthetic division, 7 
(1) x° +5x+6 3 x-2 (2) x7+5x-6;5 x-1 
(3) y? -~y-123 y-3 = (4) 3m? —2m4+5 5 m42 
(5) x? -~7x+45x4+2 (6) x? —7x4+12 5 x-4 
(7) x?-8 5; x-2 (8) y?—2y?+3y-2;3 y-] 
(9) yi —Syt+73 yt] (10) x8 —x4+25 x42 
2. When ax? +5x+6 is divided by x — 1 the remainder is 13. 
Find a. 
3. When oe bx +5 is divided by x+1 the remainder is 4. Find b. 
4. When x? + x—2a@ and ax* —3x are divided by x—2 the 
- remainder is rigs Find a. 
5. When x3 — 5x? + 13x +p is divided by x—2 the remainder 
is 30. Find p. 
6. When 4x2 +ax+5 is divided by x—1 the remainder is —1 
and when it is divided by x+2 the remainder is —52. Find a and b. 
7. When y? + 7y® + py — 26 is divided by y+2 the remainder 
is 2. Find p. | 
g. By Remainder Theorem, find the remainder when P = x? —5x+4 
is divided by x~1. Is P divisible by x—1? If it is divisible, 
then express Po as P=(x-1)xQ, using synthetic division 
method. = 
§ 8.10 Factor Theorem ; 
Using Remainder Theorem decide whether the polynomial 
A= x® + 3x? +4x+4 is divisible by x+2. Hence state whether 
x+2is a factor of x* +3x?+4x+4+ 4. | 
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By Remainder Theorem, the remainder when A_ is _ divided by 
x+2 is A | 
i 


A = x9+3x?+4x4+4 
= (-2)° +3(-2)7+4(-2)+4 


1X = — 3 


= -8+i2-8+4 
= 0 
A 


As is zero, the remainder when A 


x=-2 
is divided by x-+-2 is zero, which means that the polynomial A 
is divisible by x + 2. 
“. X+2 is a factor of A = x3 43x? +4x +4. 
Factor Theorem :- x—a is a factor of the polynomial Pin x, 
if the value of P when x = a is zero. 
Examples : | | 
1. Decide whether x —] is a factor of P = x3 — 5x? + 6x — 2. 
As we have to find whether x— I] is a factor of P, we shall 


= 0 then x —1 will be a factor of P. 


P= x3 —5x? +6x-2 
= (1)®=5(1)?+6(1)- 2 


= 1-5+6-2 =0 
“. X-j] isa factor of the polynomial P. | 
2. Decide whether x — 2 is a factor of the polynomial 
P = x? 4x? -—5x-2. If x-2 is a factor of P then express 
Pas P = (x-2)xQ. 
_ We want to see whether x—2 is a factor of P. Hence we 


shall find Pl = 
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P= x? 4+x?- 5x-2 


P = (2)9+(2)?-5(2)-2. 
x = 2 
= 8+4-10-2. 
| =O 
P — 0 .. x-—2 is a factor of P. 
= 9 


We want to express P as (x — 2x0, hence we divide P by x—2, 
By synthetie division- , 


2| 1 -5 -2 
2 6 2 
3 1 [o] 


Here remainder =Q and quotient Q = x? + 3x+1 

"xP HNP ~ 5x -2=(%-2) (x? + 3x41). 

3. Using Remainder Theorem decide whether (x+3) is a 
factor of A = x3 +2x? — 2x +3 and if it is a factor, express A 
as product of two factors. 

For finding whether x+3 is a factor of A we shall find 


Oe 


A=zx°? + 2x? —- 7x + 3 


a ot = (-3)' +2(-3)? -2(-3) +3 
x=-3 
| = -27+18+6+3 =90 
A| | —Q .. x+3 is a factor of A. 
x=- 3 : 


Let us find the second factor by synthetic division. 
ee l 2 2 3 


= 


‘Here remainder = Q and quotient Q = x? —x+1 
", x8 4 2x2 9x43 = (x+3) (x? —x 41) 
4. Using Remainder Theorem find p if x+2 is a factor of 
B= 3x* + 10? + 5x + p. Express B as (x +2) x Q. 
(x+2) is a factor of B. “. B| = 


B = 3x° + 10x? + 5x +p 

1 Bl, =3(~-2)?+10(-2)7 +5 (-2) +p 
“0 =— 244+ 40-10 +7 

-. P=-6 

o. B= 3x94 10x? + 5x—6 

Let us find Q by synthetic division. 


nD 3 10 5 —6 
—6 —8 6 
3 4 8 [ 0] 


2. oO = 3x? + 4x — 3 

3x3 4 10x? +5x-6 = (x42) (3x? +4e-3) 

( Same example can be solved conveniently using synthetic division. 
As (x+2) is a factor of B, the remainder when B is divided 


by x+2 must be zero. 


‘But the remainder is zero. 

.. p+6 = 9 

Spee 

Second factor = 3x? + 4x —3 

J. 3x94 10x? +5x-6 = (x+2)(3x7+4x-3)] 
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Exercise 8.10 


J. In the following examples, find whether the second polynomial 
is a factor of the first. In case it is a factor, find the other factor. 
(1) x? - 7% 4123 x-3 (2) x3 — 5x? +9x-33x-1 
(3) x? + 3x? -4x—12;~-2 (4) x9 44x 4165 x42 
(5) 2y* - 9y? + 9y—20; y-4 (6) m3 -3m42;m4+2 
(7) p?-—6p? - 12p-53 pt] (8) y3 +2y?-4y-3; y+3 
(9) x4 5x48 +-6x? —x-1,x-1 
~ (10) x4 + x9 — 5x? —4x 41; oe 

2. Find p, if (x—1) is a factor of x* + 5x? +4x—p 

3. Find p, if (x-—2) is a factor x? —- px +6 

.4. Find a, if (x+3) is a factor of x?4ax+12 

5. If y?+(a+3) y-15 is divided by y—1 the remainder is 5. 

find a. | | 

6. Find aand b, if (x—1) and (x-—2) are factors of 
x3 —axt+b. 
7. Find p and q if (x-1) and (x+1) are factors of 
5.x8 + px? + xt 7. 

8. Find a and 6, if (x-—1) and (x-3) are factors of 
x3 + ax? + bx +9. 

9. (x+1) is a factor of ax* + 5x? +7x+1. Find aand the 
other factor. 


10. (x-—2) is a factor of 4x+ —5x* + bx? +16. Find 5 and 
the other factor. 


§ 8.11 Tests of Divisibility 


We have learnt that x—a is,a factor of the polynomial P if 


P =¢. 
xa 


Determine whether (x—1) is a factor of the polynomial 
P—axt + bx® +cx? + dxt+e 


p =a(1)* +4(1)% +e(1)? ¢d(1)+¢ 
baa | 


—atb+c+dte 
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. (x—1) will be a factor of P, ifa+b+e+td+e=0 
Test 1 : for ( x—1) 
If the sum of the coefficients of a polynomial in x is zero, 
then (x —1) is a factor of that polynomial. 
Examples :- 
1. Decide whether (x-—1) is a factor of the polynomial 
4x? —~ 5x° + 6x —5 and if it is a factor, find the other factor. 
P = 4x? — 5x? + 6x— 5 . 
Sum of all coefficients in P= 4—5+6-5=0 
". (x-— 1) isa factor of P. 
Let us find the other factor by synthetic division. : 
] 4 aS 6 5 
4 5 
4-1 5 [o| 
. Second factor = 4x? —x+5 
Exercise 8.11 7 
Decide whether (x—1) is a factor of each of the following 
ely nema): and if it is a factor, find the second factor. 


(1) x fee eS (2) 2x3 — 7x? — 5x + 10 
(3) 4x2 -x?-5x41 0 9 (4) 3x3 ~2x-1 

(5) x8-2x?4+5x-4 (6) 2x7-—3x+] 

(7) x8 —27x + 26 (8) x*-1 


(9) 9x4 — 8x? + 10x? — 5x—5 (10) 5x4*46x5 —1] 
Determine whether (x+1) is a factor of the polynomial 
P = ax* + bx? + ex 4+, 
(x+1) will be a factor of P, if P = 0 
me ae | 
P = ax'+ bx? 4+¢x+d 
| 


It 


a(-1)84b(-1)? +e(-1) 44 


=-at+tb-—-c+d 
(b+d)-(atc) 
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‘If x+1 is to be a factor of P, we should have (5+4¢) 

| -Catc) =OQOie b+d = ate. 

Conversely this means that if b+d = a+c then x+1 is a 

factor of P. a and ©¢ are coefficients of odd powers and b and d 
arecoefficients of even powers in the polynomial P. From this we 

get following test for (x+1) to be a factor of the polynomial P. 

Test 2:for (x+1) 

lf for a polynomial P in x, the sum of the coefficients of even 
powers of x is equal to the sum of the coefficients of odd powers - 
of x, then (x+1) is a factor of the polynomial P, 

If (x+1) is a factor of P, the other factor can be obtained 
by synthetic division method. 
| Exercise 8.12 

Decide whether (x+1) is a factor of each of the following 
polynomial and if it is a factor, find the other factor. 

(1) x + 5x +4 (2) 2x° —5x?-3x+4 

(3) x°— 5x? +3x+9 (4) 2x9 45x? 44x41 

(5) x? +5x27 46x42 (6) x8 —5x? -7x- 1] 

(7) x? ~— 5x7 460412 (8) Sx*4+3x3 4x7 44x42 

(9) xt-] (10) ax? + bx? +(b41)x4+(a4+1) 
§ 8.12 Factorization: 

We know that (x—a) is a factor of the polynomial P in x 
if value of the polynomial for x = a is zero. The tests discussed 
above and synthetic division method enables us to find all first 
degree factors of the type x—a. you have studied other methods 
of factorization in eighth and ninth Standards. To split a given 
polynomial as far as possible and express it as a product of factors 
which cannot be factored further is called ‘factorizing the given 
- polynomial ’. 

Examples : 

4: Factorize x? + 2x? — 21x + 18 
Sum of all coefficients = 1+2-—21+18 
= 0 
* (x-1) is a factor of the given polynomial. 
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Let us decide the other factor. 


.. the other factor is x? + 3x—18 
we x9 42x? — 21x +18 = (x-1) (x? + 3x-18) 
=(x-1)(x+6)(x-3). 

2. Factorize the poynomial P = x* — 43x- 12 

In this example the sum of all coefficients in P is not zero, Hence 
(x—1) is not a factor of P. ' 

Sum of the coefficients of even powers of x = — 12 

‘Sum of the coefficients of odd powers of x 1-13 = -12 
These sums are equal. | 

.. (x+1) is a factor of the given polynomial. 


II 


the other factor = x? —x— }2 | 
Factorize and verify that (x—4) and (x+3) are factors of 
x? —x — 12. 
x8 13X- 12 = (x41) (x43) (x-4) 
3. Factorize P = y? — 4y? —9y +36. 
Verify that y + 1 are not factors of P. 


In this example the constant term is 36. Factors of 36 are 
+1,42,%43,44,46,49,7412, +18 and + 36. 


“ YtL, yt2, Yt3, yt, Vt, VO, VIZ, YB 
and y+ 36 are possible factors of P. Out of these we have seen 
that y+1 are not factors of P. 


Let us find whether y-2 1s a factor of P by synthetic division method. 
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Remainder is not zero. 

~. y—2 is not a factor of P. 

Similarly verify that y+2 is not a factor of P. 

As +3 are factors of 36. Let us see whether y—3 is a factor 


of P by synthetic division method. — 


As the remainder is zero y — 3 is a factor of P. 
The other factor = y*—y— 12 | 
-Factorize y? — y—12 and see that (y—4) and (y+3) are its 


| factors, 


2 y? — ay? — 9y + 36 = (y-3)(y +3) (¥-4) 
4. Factorize P = x* — 4x? — 11x + 30. 
Verify that x +} are not factors of P. 


Let us see whether x — 2 is a factor by synthetic division method. 


Remainder is zero, .°, x—2 i3 @ factor of P. 
Oe pe ee (x-2) (x? —2x—15) 
As x +] are not factors of the polynomial P, they cannot be 


factors of x2- 2x - 15. | 
As 3 is a factor of 15, let us see whether x-3is a factor of 


x? ~2x- 15 
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Remainder—120 | 
.. X—3is not a factor of x? ~2x— 45. 
Now let us see whether x +3 is a factor of P. 


Remainder = 0 .. (+3) is a factor of x? —2x— 15. The 
other factor = x-5 : 

Jw. x3 —4x* -—11x430 = (x-2)(x4+3)(x-5) 
§. Factorize 3y* — 7y? —2y +8. | 

y-—1 is not a factor of the given polynomial because sum 

of coefficients is not zero. 

y+1 is a factor of the given polynomial because 3-2 =—7-+8. 

Let us find the other factor by synthetic division method. 


, the other factor = 3y? — lay 48. 


Let us see whether y—2 is a factor of 3y?— 10y +8, since 2 is 
a factor of 8. | : 


| Remainder =0. .°. y—2 is one factor and the other factor is 3y—4. 
S. 3x3 — Ty? —29 +8 = (y+1)(y—-2) (3y—4) 
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Exercise 8.13 

_ Factoize the following polynomial, 

1) +2x?-x-2 (2) y®>-Ty+6 (3) m>—21m— 20 
(4) x8 —5x24+7x-3 (5) y8-—4y? +y +6 (6) ¥? +3y?—y-3 
(7) #8 46x? 46x41 (8) x8 4+6x7 411% +6 
+ (9) m + 10m? + 19m — 30 (10) p5 — p? — 37p — 35 


(ut) y? +y? +29 +8 (12) x° + 9x? + 26x + 24 
(13) x? — x? —x-2 (14) x° — 37x +84 
(15) mF +m? —36 (16) x8 — 3x® — 54x+ 112 - 
(17) x? — 49x — 120 (18) y? — 79y + 210 


~ (19) 2x° —x?—2ax+1 (20) x4 — 13x? - 48 


(21) 2x3 — 5x2 — 22x -—15 (22) x* + 4x5 + 627 —4x—-7 


(23) x4 - 5x2 44 (24) 6y° + Ty? —1y — 6 
§ 8.13 G.C_.D. and L. C. M. : 

(1) Greatest Common Divisor : (G. C. D. ) 
You have learnt how to find greatest common divisor of two 
natural numbers. Now we wish to see how G.C. D. of two 
polynomials is found. Every monomial is a polynomial, hence let 
us first find the G. C. D. of two monomials. 

]. Find the G. C. D, of 24x?y°z and 36x°y?. 

24x*?y?z = 2xX2XAX3xK x2 xy? xZ 
= 2° X3xXx* xy? xz 
36x°y> = 2x2K3x3x x3 x y? 
= 22 x 32 x x3 x y? 

In the above polynomials the maximum number of times 2 
appears as a common factor is 2, the maximum number of times - 
3 appears.as a common factor is ] and maximum number of times 

_x and y. appear as common factor is 2 and 2 respectively. 
| .. the required G.C. D. = 2? x x x? x y? 

= 12x?y 

Note that z is not a common Aa of these. polynomials. 

2. Find the G. C. D. of (x-1)% (x+2) (x- 3)% and 
x(x-1)?(x-3)4. | 

Here observe that maximum number of times (x- 1) appears: 
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as.a common factor is 2 and maximum number of times ( x — 3 ) 
appears asacommon factor is 3. i.e. (x—1)? and (x-3)8 
are common factors. x and ( x+2) are not common factors. 

. G.C. D. of given polynomials is (x—1)? (x—-3)?. 

3. Find the G.C. G. of 8(a+26)(a—5)% and 12(a+26) 
(a+b) (a-b). 

8(a+2b) (a—b)* = 2° (a+2b) (a-b)? 

12(4+2b)(a+b)(a—b)=2? x 3(a4+2b) (a+b) (a-d) | 

., the required G, C. D. = 2?(a+2b) (a—b) 

| — = 4(a+2b) (a8) © 

4. Find the G.C. D. of 2( x?- }? ), x?— Ixy +y? and 2x4—2y*. 

In this example we have to find the G. C. D. of three 
polynomials. Hence, first we factorize these three given polynomiais. 

2(x?-y?) = 2(x-y) (x4+y) 
x? -—2xy+y? = (x-y)? 
2{ xt —y*) = 2(x?=y?) (x? +y?) 
= 2(x-y) (x+y) (x7 +y7) 

In this example (x—y) is the only factor which is common 
to all polynomials and the maximum number of times it appears 
as a common factor is 1. 

*, the G. C. D. of given polynomials = (x—y) 

The above discussion indicates the procedure for finding G. C. D. 
of ‘given polynomials. Factorize all the given. polynomials. Express 
the polynomials in the form of product of powers of different 
factors. Decide the maximum power of each factor which is common 
to all polynomials. The product of all such maximum powers of 
common factors is the G. C. D. of the given polynomials. 


Exercise 8.14 


Find the G. C. D. of following polynomials, 

(1) 24x ; 36x? (2) 3x7y ; 6x | 

(3) x7yz 5 xz? (4) (x—1)? (x42) 3 (¥-1) (441) 
(5) (y+1)? (y—1)? (y+ 2) 5 (y-1)8 
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(6) (x-y) (x+y) (x+2y) ; (x-y)? (x42y) 
(7) 15(x-1)(x+2) 3; 3¢x-1)? 
(8) 4x? — 4y? , ax4 2y 

(9) (x+3)? 5 x? 497x412 

(16) x7 + 5x46; x? 4+x-6 

(11) 10( x? ~4y?) 5 2(x-2y)? 

(12)(x-1)° ; x? -15 x? 4x-9 


(2) Least Common Multiple. (L.C.M.) ; 

‘|. Find the L.C. M. of 4x*y? and 6xy? 

Let us find all factors of the given polynomials. 

A4x3y3 = 22x x3 xy : oxy? = 2x3xKxxy?’ 

The factor 2 occurs twice in 4x?y? and once in 6xy*. Hence it 
‘must occur at. least twice in their common multiple. Similarly the 
factors 3, x and y must occur in their common multiple at ad 
once, thrice and thrice respectively. 

- L.C.M. of the given polynomials = 2? x 3x x* x y® 
: —— 12x3y3 


Thus, for finding L. C. M. of given polynomials, first factorize 
all the given polynomials. Then find the product of maximum power 
of each factor. This product is the least common multiple(L. Cc. M.) 
of the given polynomials. 

2. Find the L.C.M. of 4(x— y)?(x + 2y) and 6(x — y) (x + yXx+2y) 

Let us factorize the given polynomials. 

4(x—y)?(x+2y) = 27 x(x-y)? (xt) 
6(x—y)Cxty)(x+2y) = 2x3(x-y) (xty) (x+2y) 

". the required L.C.M.. = 2? x 3(x—y)? (x+2y) (x+y) 

= 12(x-y)? (x+2y) (x+y) 


3. Find the L. C. M. of x*— 1 and x* — 6x? + 11x— 6. 
Let us factorize the given polynomials. 

x°—1 can be factorized using the formula 

a*—b? = (a—b) (a? +ab+b? ) 

x? —] = (x-1) (x? 4x41) 
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‘In the polynomiat x? — 6x? + 11x — 6, sum of the coefficients is 
zero. Hence x—J] is its factor. 


] 7 —6 11 —6 
I 5 6 
] —5 6 {o] 

other factor = x?~—5x46 = (x-2)(*-3) 


x? — 6x? 4+ J1x-6 = (x-1) (x-2) (x-3) 
required L.C.M. = (x-—1)(x—-2)(x-3)(x74+x41) 
4. Find the G.C.D. and the L.C.M. of the polynomials 
4x? — 36, 2 (x? 4x-12) and 6(x-3) (x? — 16). 
Obtain the following factors of the given polynomials. 
4x? — 36 = 27 (x-3) (x+3) 
2(x74+x-12) = 2(x-3) (x44) 
6(x-3)(x*-16) = 2x3(x-3) (x-4) (+4) 
. Gc. D. = 2(x-3) | 
and L. C. M. = 27x 3(x-3) (x+3) (x+4) (x-4) 


Exercise 8.15 


1. Find L. C. M, of the following polynomials. 
(1) 1247 ; 18a3b- (2) a2b* , a%b? 
(3) (x-a)?(x+a) ; (x-a)(x+a)? 
(4) (y-1)? (y+3) 5 (9-1) (y—2) (9 +3) 
(5) (a—b) (at+2)? 3 (a-b)? (a-25) 
(6) (m+2) (m-3) ; (m+2)? 
(7) (x+2) (x-3) 3 (x-2) (x43). 
(8) 4x7(x-2) 3 6x(x+2) 
(9) 10(x?— 4y?) 5 5(x-2y)? 
(10) x*-5x+6 3 x7-9 


9. Find G. C. D. and L. C. M, of following polynomials. 
(1) x? 45x46 3 x27 -x-12 (2) x? -y? 3 x8—y8 
(3) y?-163 y?-y-12 (4) 2x8 -2 5 x? -2x41 
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(5) m>+7m+12 5 m+ 4 (6) a*4+4a+4 ; a2-4 
(7) x8 +27 ; 2(x? 3x49) (8) a?-b? ; at —b* 
(9) y°-4y 5 y*-y-2 (10) x7 +2x- 24; x7+x-20 
(11) x8 — 6x74 1Ix-6;%3-8 (12) x7-1 ; x9 — 4x? + 3x 
(13) x° +343 3; x? +3x— 28 : 
(14) yi toy? t+oyt1;y3 +3y4+2 
15) x8 —3x+25x°-7x+6 
16) m?—7m+6 ; m>— 4m? + 5m—2 
|G) Ya ae Ge aaa ae a) 
(18) 2x —128 ; x2-9x+20 ; x? = 16 
(19) 79-7 5 14m?—14 5 21 (m2 - am +1) 

(20) x? — ay? ; x? —xy-2y? 5 x? — 3xy + 2y? 

(21) 6x? — 24 ; 8x? -—Bx-48 ; 2( x? +5x+6) 
(22) at +a? 415 a2 +1 5 a? — 307 +3a-2 
(23) 4x7 -9 5 2x? - 13K +15 5 2x? 4+7x-15 

(24) 8y?— 200 ; 2y* — 250y 5 4y? — 28y + 40 

(25) 2(x-2)? (x43) 3 4x? —36 5 8x7 +8x—- 48 

Miscellaneous Exercise — 8 


1. Simplify : | 
(1) 2(3x?- 5x+7) -( 4x? 4+3x-2) -2(x?7 -Be-1) | 
(2) (atb-c)+(b+c-a)+(ct+a-b) 
(3) (2m-8 )4+3(m-4n)-2( amt 5n) 
(4) (p? +47 +2pq)—2( p? +47) +( p? +4? - 2pq) 


2. Multiply the polynomials in the following examples and _ state 
the degree of their products, 

(1) y?+y4+1;3 y-1 (2) m2? 4+m4+1i 5; m?-m+1 
(3) a2? -3444; 2a-3 (4) x7 -2x-7; 3x-5 


3. Divide first polynomial by. the second polynomial and express 
the result as dividend = divisor x quotient + remainder, 

(1) x8 —4x245x-3 5 x-5 (2) y3—3y? +7; y?-2 
(3) 4m? -5m?4+ 7m; m+3 (4) 3x3 - 5x? -4+7x—28;x-2 


4. Find p, if x—] isa factor of the polynomial x?— px*+ 53x — 40. 
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5. Factorize the following polynomials. 


(1) x3 — 14x? + 63x— 90 (2) y> - 49y + 120 
(3) m& 4 m?+2m+8 (4) a* — ga 

(5) x9 + 3x? — 4x - 12 (6) Feit 
(7) ke (8) x? -2x+4 

(9) x*-1 (10) a — 2a —5a+6 


6. Find the G.C.D. and the L.C.M. and of the following polynomials. 
(1) 3x2(x-1)(x4+2); 6x (x-1)? (x41) 
(2) 2x3 — l6y? ; x? - 4xy t+ 4y? 
(3) x3 +6x7+11x46 3; x9 -7x-6 
(4) 4a*-4b* ; 6( a? —b’) 
(5) 3x7- 147; x8 + 343 
7. By Remainder Theorem, decide whether second polyomial is a 
factor of the first. 
(1) 5y3- 12y4+16; y42 (2) x9 —3x? +2x-8 ; x+4 
(3) 3x9 + 6x? + 15x -27;x4+3 (4) 3xt- 2x34 4x24 12x43; x41 
g. Find c, if x1 isa factor of each of the following polynomials. 
(1) 5x3 -6x +e (2) x3 — gx? —cx4+5 
(3) cx? - 5x7 47x41 (4) x3 + ex? — 5x47 
9. Divide first polynomial by the second using synthetic division 
method and express the result, 
as dividend = divisor x quotient + remainder, 
(1) xd gx? 5, x—5 (2) y§ -S5y? +5y-1 5 yr] 
(3) x8 —9x745x-43 x+2 (4) 2m* —3m? 4+ 5m—15; m+3 
10. If the value of the polynomial 2x34 ax?— 17x +5 when x = 
is § and when x = —3 is 45, find a and bd. eee e@ 
Chapter 9 | 


Ration] Algebraic Expressions 
§ 9.1 Revision: 


You have studied rational algebraic expressions in the ninth 
Re I Ta + 5e+ 6 
x-1’ y’ (x+4)(x-5) (e+2)(e-1) 
are rational algebraic expressions. 


standard. 
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If A and B are polynomials and 8 is a non-zero polynomial 


then the ratio a is called a rational algebraic expression. Rational 
igebraic expression is obtained by | dividing a polynomial by a 


n-zero polynomial, just as a rational number is obtained by 
dividing an integer by a non-zero integer. | 


ke in the expression se ee , value of x is —4 or §, 
(x+4)(x-5) 


then the denominator is zero. Henee the rational algebraic expression 


—- 2x43 is meaningless for x = —4 or x = §. For all 
(x+4)(x-5) | 
other values of x it is meaningful. 


Exercive 9.1 


Complete the following table. 


| Rational Value of Expression Value of the 
| No.7; algebraic the meaningful/ expression if 
expression variable |} meaningless} itis meaningful 
x+2 
si cuera 4 meaningful pee ee 6 
x'— 3 4-3 1] 
eemee, 
y—4 5 
x2 4 Sx Bh 
xX+2 
m= — 7m . 
2m+ ] Z 
basil E 0 
(p +2)(p— 3) 
2 
n(n— 2) 0 
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The rational algebraic expression is not meaningful for those 
values of the variable, which make the value of the denominator zero, 
Henceforth in our discussion of rational algebraic expressions w 
Shall assume that the polynomial in the denominator is non—zer 


§ 9.2 | 
Rational number is reduced to its lowest term by using tHe 
axk a 
ropert ——_ = —, 
property bx b 


Similarly the property A x K = A is used for simplifying ra tional 
| | BxK B } 

algebraic expressions. Note that the common factor in the numerator 

and the denominator of the rational algebraic expression is cancelled. 


Now let us study how this property is used for simplifying rational 
algebaic expressions. 


Simplify. | 
“(4 m— 3 ee aD oy? +5y? — 2y-4 
Q) rags (2) oe 8) Sr ayh2 
om ae (m—1)(m-3) m-1 
 @a—b (a—b)( a? +ab+5? ) = a? + ab +b? 
Q) a ~ (a—b)(a+b) a+b 
(3) yh Sy" By 4_ (y-1)Y?+oyt+4) _ y*toyt4 
y?—3y+2 © (y-1)(y-2) — y-2 
Exercise 9.2 
Simplify. | 
$a? _ a? + 2ab + b? 
Q) S26 gy —*— gy See 
“4a (x — 2y) (x - 4y) = 


| $ x x x74+45x+6 
(4) —*=! (5) Beet Gy ee 


x7 4x4] y*+xy x*+x-—2 
: a3 +b? 5xy (x-y) 
a ee es 8) 22 Ses 
(7) a? + Aab + 3b* (8) roy* (xy) 
‘ x8 + 3x7 — 5x41 y’ ae — 49-6 
O) area) ays 
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\g 9.3 


There is a close similarity of form between the rational algebraic 

expression and the rational number. Hence the properties of the 

int algebraic expressions in respect of the four fundamental 
rations are also similar to those of the rational numbers. 


Properties of rational Properties of rational 
numbers algebraic expressions 
ae a axc Ay, C _ Axc 
Bb bxd BD BxD' 


| The numerator of the product is the product of the two numerators 
‘and the denominator of the product is the product of the two deno— 


minators. 
b od b | BD B C 
to divide by is to multiply by reciprocal, 

a | A | 

25, Oe Be 4 3 ~4.¢ _4,D 
C bd b- CC ~ BD BC: 
d | D 

eid a Ack 

b- b 2b B.- B B 


For adding two rational algebraic expressions having the same 
denominator, the two numerators are added and the denominator 
is kept unchanged. Similar procedure is followed for subtraction. 

Following property is used for addition or subtraction of two 
Tational algebraic expressions having different denominators. 


ane _ EME | Hine Pe 
po a bd B~-™“D BD 
_-a _ a A -A_A 
—b “6 oD -B BB 


Let us study how to use "these properties in simplifying rational 
algebraic expressions. 
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Examples : 


1. Simplify ; es ee ee 
Nm me hamn 3a? m4 3a 
m3 +n? _. m? + 30? 
m2+4mn+3n? = —-m+3n | 
= m? +n? in + 307 (4+¢ oan a x2) 
— in? fp amn + an? m? + 37? C 
_ (m+n) (m? —mn+n? ) ia sea. 
(mtn) (m+ 30) m? + 3a oe 
_ m2 — mn +n? . m+ 3" ‘Ga - +} 
— m+3n m? + 3a? Bx K B , 
_ (m?— mn +n?) (m+ 3n) (6«¢ _ AxCc 
~  (m+3n)(m? + 3n? ) \B DB BxD 
ee m* —mn+n* (24 = A 
m? + 3n? | Bx K 8B 
2. Simplify : 2734 *% 
x-4 4-x 
2x-3 4 x 
x~4 4-<x 
— 2-3 x 
x-4 -—(x-4) 
_ 2x-3 x (4 =-4 
x~4 x-4 -B iB 
— 2X¥-3-x (4 _C 45°) 
x~—4 BB B 
_*=3 
x-4 


_y-2 aw -3 


2 Simplify : poe a 
y*+5y+6 3(y?-y-6) 


In this example the denominators are not same. Let us see if 
they have a common factor by factorizing the denominators. 
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Ie 2 _ d’-3 
y>+35y+6 3(y?-y-6) 


ee Sa” ER 
(y+2)(y+3) 3(y-3)(¥+2) 
_  Y-20-3)3 _  Qy-3) W +3) 


\ (y+ 2) (¥+3)(¥—3)°3 33 — 3) (¥ +2) (V+ 3) 
: (denominators are made same ) 
_ 3(y? —S5y+6) —(2y? +3y-9) (4 _C _A-C 
3(y+2)Cyt+3)(y-3) B BB ) 
_. 3y?—15y + 18 — 2y?-3y + 9 
~ 3(y+2)(¥+3)(y-3) 


—__y* — 18y +27 
3 (y + 2) (y +3) (y — 3) 
, x+4 
4. Simplify: | *+5_ 
x-] 
X+ 5 
++4 
x+5 X+4 . xX-~-1 
“x-]  *+5 ° x+5 
x+5 
—_x+4 ) x45 
x +5 x-I1- 
_ (x44)x (x45) 
— (x+5)x(x-1) 
_ x+4 
— x=] 
- State the property used in each step. 
silsse a O 
5. Simplify : ie 
a2 
m— 3 


For simplifying such expression the numerator and the deno- 
minator should be simplified separately. 
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m—4 | 4m— 5 


Numerator= a +4 - Denominator = a +2 
_ 3m-4+4(m~-3)]. _ 4m —5 + 2{(m-3) 
= m — 3 : ~ m— 3 
_ 3m—-4+4m— 12 | 4m— 5 + 2m -6 
= m — 3 = m— 3 
7m — 16 6m —11 
— m3 m= 3 


Given rational algebraic expression 
= numerator. + denominator 


_ 7-16 . 6m—11 
m-3 ~= m—3 


7m — 16 
6m— I] 
6. if y= 2x74 » express 2-4 in x and simplify. 
2x —4 
4. 2(2=4)- 
y-4 _ 4x — ] 
4ae-) 


8x — 16 

4x—1 

8x—16-1(4x—-1) 
4x-—] 

gx—16-—4x+1 
/AX- x 

4x— 15 

- 4x~1 


7 4ax—-1.* 


4x-—8-—4(4x-1) 
aC a | 
. 4X —8 — 16% +4 

= 4x—-—1 
—-12x-4 

4x—] 
—~4(3x+1) 

= Ax-—] 


—1 | 
| _ 2x —4 . 2x—4 
Numerator= 2 (2 = i) —4 - =4(2= 1 ) -— 1 
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_~-4(3x4+1° . 4x-15 
4x—-1 ° 4x-1 
—~4(3xt1) ) 4x71 
4x—-—]1 4x — 15 
-4(3x+1) | 
4x- 15 
__ 4(3x4+1) 
4x — 15 


| | F 
7. if x= 2% and y = 28, find the value of % +2" + (x4 = ) 
53 53 x—-y xXx—y 


Given expression 


Here the values of x and y are such that their cubes cannot 


be obtained easily. a 
Hence before substituting the values of the variables we _ shall 


simplify the given expression. 
‘a8 3 2 
x" +y ms € + 7 ) 


x~-y x- yl] 
_ xe+yo . (2) 
Xap x—y 
— (xty)(?-xyty’) (env) 
(x-y) (x? -xy+y? ) 
= x+y 
- 25 4 78 ( Substituting values of x and y) 
53 53 | 
= 53 = 
53 . 
Sanches Exercise 9.3 
m 2. 42 
+ 3 (2) x" —y x x 
x+y x—y 
2 m? — n? m+n 
3 + =. (4) — + _,—__, 
( wie a ie ( Yaa Pare 
at+4  a*—5a+ = ie 
(5) = + x 5 6 (6) <== at4 dads 
—2  a*+a—}2 a-2b a aia 


Gye —-Spt+4 Eon dail (8) p? p* — Smp + 4m? fe Sei 
p-1 7 | p-m p-n 
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BxF+x-14 
2x7 —-x-6§ 
+ -. 16 


x 
x? + x—- 12 
44) ii 


— 


Mm — tt itn 


a 


m—4 


— ee 


q° 
m—8 
+ 
(17) m—-7 m-— 3 


a— 3 
a*+a-—]? 
a-— 3b 


a* ~ 3ab + 2b? 


a 


6x7+ 5x — 2] 


a7 + 16a +64 


ae. (==5 ane “= %) 
oN ee et x 


eee oe 
~4° qt2 


a? + ab — 12b? 


_ 2a? 


a* + ab — rh? 2 


b? —] . b? + 2b? 
b+1 5b? +6-2 


sg, * 
at+4 


(10) 


4x? 
” ( 7 —9a +18 
a* — 2a— 48 


b 

14 

( ? a45* a+b 

(16) = 
x* ma “pax 

(18) a 2 SF... xX +3 
“ie x? + 5x +6 x+2 


at4 


a? + 944 20 


a+4b 
a* + 9ab + 2062 


2 
22 
@ Pa pr-4 


m+n 
m? —n 2 
= 2 
2a? + 3a-—2 
2a* — 5ab + 2b? 
2a” + 3ab — rh? 


($=3- 242) 
a—3 at+4 


ae 3 (#=5)-s 
(32) -5x+15 (33) i 
: GS) 

x—3 


1 1 ae eee 
xth x (3g) _ eth)? 
(34) (35) ; 


a 


pa | 1) ap ee 22S , express 3x+t2 in g and simplify. 
4a + 3 x=- 1. 
(2) f{ y= zp , xpress yr2 in x and simplify. 
2—x - 
Iifx = express saad in 7 and simplif 
RO ea = plily. 
3. Find the value of, 
x3 ~y? 1 ‘ 
a) ——- x —az i x = 100 and y= 99 | 
x+y x+ y 
x+y 3 
3 
(2) Pt x x24 ifx = 52. 
| Keys « | x3 — y3 : 
ay wee eee. Ae wemanaireaeei if x = Q-1 and y = 0: 
(3. x? + xy +y? x? — Ixy + y? oe ? 


§ 9.4 Equations : 

You have already studied how to solve equations in one vuriable, 
Now we shall study how to solve equations involving rational 
algebraic expressions. | | 


Examples :- | 
1 1 1 1 
1. Solve a ore 
cs Ss x+9 V4 
1 1 1 1 
+ = + 
x+5 xX¢+3 x+9 #x-]1 
: X+34x45 _ X-14+x4+9 
“" (x45) 0x43) (x49) (4-1) 
2x+8 - 2x +8 


"xP 448x415 x? +8x-9 
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Either 2x+8=0 or 2x+8= Q 


If 2x +8 #0 then aoe both sides of the equation by 
2x +8 we get, 


] 


x? 48xt15 x2 4Ex-9 
x? 48x+15 = x74 8x-9 
iS =-9 


7 this is absurd. 
.. 2x+8=0 must hold. 
cs 2X ==-— 8 ; ae x =- 4 


Verification :- Substituting x =-—4 in the given equation 
ee J : J 4 ] 
—4+5 —4+37 ~44+9 —4-) 
° 
aes ae 4 1 
= 5 —5§ 
? 
ii 2 Sa 
bs) 5 
0 vy 0 


“. Solution set = {-4} 
>. Solve the following equation. 


ee ee wee EP ee, 
<= 


ol oye SM a, os ed. 

X—-6 xXx-7 x-—-2 x-—3 

. xX-7-(4-6) _ *~-3-(*-2) 
((x-6)(x-7) 9 (x-2)(*-3) 


; x-7-xt6 xo 3-xt+2 


x? 13x+42 x? — 5x46 
~] _ -~} 

(eT et 4 x? — §x 46 

J. x7 -13x442 = x® —5x+6 

os —13%4+ 5x = 6- 42 
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Substitute x = 2 in the given equation and verify. 


Solution set = 342} 
] 1 1 1 


— 


3. Solve :-— = ————~- + ————- = —— Ft 
7 Ames amt 3 Am +9 Am] 
In the above equation if we put x for 4m we get the following 


equation, 
1 | 1 
X$5 +3 x49 x-1 
In example 1 we have seen that this equation when solved gives 


x=-4 
4m=-4 .. mM=-! 


Solution set of the given equation in m is = {-1} 


—eeeey SD ——Po—.... 


Xx-7 X-5 %*-4 x-2 


4. Solve :- eee 


¥-8 *-6 _X-5_ *-3 


em 


x~7 xX-5 x-4 x-2 


- (4-7)-1 _ (¥-5)-1_ (x-4)-1_(4-2)-1 
x*—7  X¥=-§ xX=4 x—2 
ie ae se ee eee eee 

x—-7 XS x-4 x-2 
Sy alle ici ey 
yes x-7000 OoX-2 X-4 
.  *-7-(4-5) _ *-4-(x-2) 
(x-5)(x-7) (x-2)(¥-4) 
X-7-X45 _ x-4-x+2 
x?—12x+35 x2?-6x+8 
en. 
x?—12x+35 x?-6x+8 
x? -6x4+8 = x? —12x435 
12x ~ 6x = 35-8 
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oe 6% =. OT 


ee & = 3 
.- Solution set = £2 e 
Exercsse 9.4 
Solve :- 
! I I I 
— see 
a x—§ X-7T 
I 1 
——__—_. nA ee ee pattems f+ —______ 
(2) 3m -4 3m — 8 gm 5 3m - 7 
1 ! } } 
eee ay a x-10 x-I1 
2 ws Fd 
(4) 4 x— 3 x-7 *-TI 
1 I 1 1 
—— +-+—_—- = S—__ + —— 
(5) y+ 6 yt3 yrs YS 
1 ] a 1 1 
(6) ——+— _ = — t-_—_ 
4m+6 4m+3 4am+4 4m+5 
| 
CG tee eS ed 
y-7 yr 9-5 yr3 
(Qteng 4 ee 
y+17 yt+3 ytsS y+15 
l x 
CD ee 


ee eee eee OO 


X+17 x43 X+15 x+5 
y—-6 ,y—10 y-7 ,y-9 
13) —— + ——- _ = —— + -——— 
( es Voda y-8 y-10 
x-3 <x-6 x+1 x-2 
1 ~ = = 
(14) x—-5 x-8 x=] x-4 
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ape t yes = xt 1, x+6 
X+ 3 X—-1I x+4 
(io 713 4249 _ x47 x45 


x42 asta  x+6 x44 


(17) ae ee = oy = 
v2 Ys eS YF 
ee eee 
x X+3 x-] 
Ce ee ee ae 
2y+S  2y+7 2y+10 2y+2 
(20) — asate 2) _ 4%— 23 , 4x-— 45 
a — a 
x —7 X-6§ x-4 


Miscellaneous Exercise ~9 


1. Simplify, | 
(1) 15x3y? (2) m? — 4mn + 4n2 (3) a ce 
po (im — 27) (m + 37) at — 54 
x? —~ 5x *-a- 
(4) > 5) ee 8 (6) pearson 
x? — 4x + a* + 6a+8 xt x 
2. Simplify. | 
: 2 ; 
(1) a SNS 2 8a + 15 (2) x? 44x — -21.  x-3 
E =i és =o! eee ort 14” x* +x ~6 
X°4+x+4] a= | 
4x*—x—4 nee " xb] 
x cial 2(m?—4m+3) 3m —3 
ey 3 (“= )-2 
m 
(7) — | Gree. 
are G 
1 
x + 
' 1 . 
p-— 
(9) p (10) (x+h)* ~ 
pti 
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3. Solve, 


\ ] ] l l 
] t-— = ———— 
( 343 x+4 fi Ga 
ee ee Be Peg oe 
yrs YH 3 yg: Ye 2 
3m —-7 3-4 3m-— 10 3m—] 
(4) ] 1 _ 1 l | 
x+4 X47 X+5 X+6 
(5) 2 ee 
yg. Ye g Yo: Yous 
j ] ts 1 { 
(ols = 5 X-7 x+5 
= 5, ye 8 y—-10 , y—3 
7) — +S ——- 
ow) y-4 y-7 Yord yo. 
(8) x-4 xt+4 = X+2 *xX+10 
x-5 X+3 X+] x+9 
(9) ~45 x+1] _ ¥t2,x+4 
‘x¥+6 x«4+2 X+3 x+5 
I ] ] l 
10 _- —— = — —- 
( res 3p +7 3p-15 3(p-3) : 
| . , | eeeo 
Chapter 10 
Variation 
§ 10.1 


When we wish to purchase a thing sometimes it happens 
that we do not know its actual price. But we definitely know 
that the price will vary in proportion to the number . of _ things 
purchased varies. If the number of things to be purchased _is ‘in- 
creased by a certain ratio, the price will increase in the same ratio. 
If the number of things to be purchased is decreased by some ratio, 
the price will also decrease in the same ratio. We say that prices of 
things purchased is in proportion to the number of things purchased. 
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Below is shown a table of prices corresponding to the number 
of notebooks. We use the letter x to show the number of note- 
books and the letter y to show their total price. 


How will you determine the price of 15 notebooks from the 
information supplied in the above table ? 

In the second column of the above table the price of 2 note- 
books is shown as Rs. 4. So the price of one notebook will be 
4 = 2 rupees. Therefore, the price of 15 notebooks will be Rs. 30 
In this way we can also find the price of 35 notebooks or 
85 notebooks. The price of one notebook is obtained from _ the 
information contained in the second column. This price could have 
been determined from the information supplied in 3fd,. 4th: or 
sth column. To find the price’ of a notebook we divide the 
total price the number of notebooks corresponding to that. 
price, But, § =12=.18 = rupees. Each time the price per note- 
book comes out i se the same. This is but natural. | 


In the above table the numbers written against x and y are 
said to be values of x and y respectively. From column to column 
these values seem to vary. For this reason; x and y are said to be 
variables. From the above table we obsesre that variation in values | 
of y depends on the variation in values of x. ( The word variation. 
is sometimes used for the diflerence between two values of a 
variable. The word variation used here is not meant to carry this 
meaning.) The property which allows x and y to acquire changes 
in their values is known as variation. | = 
In the example above both x and y vary but while varying 


they vary in such a way that = is a constant. 
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If variables x and y are such that- for any two correspanding © 
values of these variables, we have the value of ~ as constant, 
we say that y varies directly as x or y is proportional to x, or 
‘variation in y is the same as variation in x. In symbols, this is 
exprergsed as 

YR 


If the constant value of » is denoted by k then, k is called 
x 


the constant of variation. 


So, when y « x, we have y = kx, for some k, and when for 
some k, y= kx, we have y « x. It is obvious that k here is 
the constant of variation. 


Suppose, that y < x and that corresponding to values x,, x., 


Xg,ce+e- Of x, the values of y are ae ce Vir Var Va, cavece 
Since y « x we have, 


We have seen what is meant by saying that four numbers a, d, 
c,d are in proportion. We will now extend this idea to many 
‘more numbers. 


Suppose, that x,, Xo, Xg.oe.... are the values of x and that 
the corresponding values of y are y,, y2, Y3seeeee. TO say that 
numbers x,,X5 X3 ...... are in proportion to the numbers yy 
Yo. V5» seseeee iS the same as saying, 


Ve Me VS ....e- holds. 


re ad oa 


The above discussion brings out the similarity between the notions 
of ‘ being indirect variation’ and ‘ being is proportion. ’ 

The sentences, ‘ y varies directly as x’ and ‘y varies in the 
Same proportion as x’ convey the same meaning. 
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§ 10.2 Solved Exampls : 


1 If x < y and x=15 when y = 5, find, (i) y when x= 9 
(ii) x when y = 8. | | 


x x y 

: - = Keine (k is a constant ) 
When x = 15. y = § 

.=s = 35k 

Pek <= 3 or x = 3y, 


Now, (i) substitute x = 9 in x = 3y 
-- 9 = 3y oo Yo? 
(ii) Substitute y = g in x = 3y 
.x=3X8 = 24. 


2. Monthly expenditure of a. person varies directly as his mon- . 
thly salary drawn. When his monthly salary was Rs. 800/- his — 
monthly expenditure was Rs. 640. find, 

(1). his monthly expenditure when his monthly salary was 
Rs. 1300/- 

(2) his present salary, if his present monthly expenditure 
is Rs. 1200/- | 

Let us denote the monthly expenditure in Rs. of that person 

by x and his monthly salary in Rs, by y. 


x < y 
oe ~ =k .....c006 (k is a constant) 
Now, gic y = 800, x = 640 
ei an 
ae == : ox= < ». 


(i) Substituting y = 1300 in x = ¢#y, 
we get, xX = § x 1300 = 1040 
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Monthly expenditure is Rs. 1040. 
(ii) Substituting, x = 1200 in x = ¢ y 
we get, 1200 = dy. 
vs 12000x 2 = y 
sie 1500 = y 
' .. Monthly salary is Rs, 1500. 
Exercise 10.1 
]. Assuming y« x, find the constant of variation and write down 
‘the equation that expresses the relation of y to x. | 
(1) *=5,y=3 (il) x=7, y=22 (iii) x=3, y=4 
(iv) x=8 y=13 (V) x=1-2, y=°5 (vi) x=2, y=5.2 
2. If yXxx and x=20 when y= 24, find 
' (i) x when y = 60 (11) y when x = 25. 
3. If s<t and s = 50 when ¢t = 2, find 
(i) s when ¢ = 5 (ii) ¢ when s = 200 
4. The mass of a metal ball varies directly as: its volume. If its 
mass is 12 gms. when its volume is 8cm%, find the volume when © 
the mass is 30gms. | | | 
5. The price of wheat varies directly as its weight. When its 
weight is 15 kg. its price is Rs. 33. Find the price when its weight 
is one quintal. 
-§ 10.3 Inverse Variation : 
_ A vehicle proceeds from town ‘A to town B. The faster the. 
speed of the vehicle lesser will be the time taken by it to reach 
‘town B. In other words more speed will mean less time, and 
‘conversely less speed will mean more time to cover the same 
‘distance. | 
In the table below values of speed (v) in km. per hour and 
time (t) in hours taken by the same vehicle at that speed to 
reach town B is given. 


mt 


From the above table can you decide in what time did that 
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vehicle reach town B, when its speed was 25 km,/hr. ? 


To be able to answer this question we must know the distance 
between town A and town B. From the information supplied in 
the second column time taken by the vehicle to reach town 8, 
when the speed is 5 km./hr., is 20 hours. So, the distance between the 
two towns is 20x 5 = 100 km. If this distance is calculated from 
the information supplied in the third or fourth column, it comes 
out to be the same i.e. 100 km. In this table, the product of the 
numbers in any column, is constant; being 100 in each case. 
Using this fact we can now easily find out the time taken by the 
vehicle to reach the town B at speed 25 km./hr. The answer is 4 hours, 


In this example, the values of the variables y and ¢ change, 
but they do so in such a way that their product remains Constant. 
In such situations we say y varies inversely as ¢, or that there is 
inverse proportion in y and f. 


In general, if values of the variables x and y depend on each 
other in such a way that the product of their corresponding 
values is constant, then we say that there is inverse variation in 
x and y or that x varies inversely as y. 


Now, suppose that variables x and y are im inverse proportion. 
| | ae ra ee, ee be values of the variable x, when the variable 
_y assumes corresponding values y), yo, Ygs--e--- 

Because, x varies inversely as: y, we have 
XiV. = XoVo = XaVzy = ........ = k (a constant ) 


We may write this as, 


al ie = a3 — ms = eee = k 
i i i 
| ss 2 3 
Using the symbol «, we may now say 
1 
x K« — 
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Thus the sentence x varies inversely to y can be expressed in 
symbols as : 
re: 
y 
In short, when the ratio of the corresponding values of the 
_ two variables is constant, we say that variation in these variables 
is direct, or that there isa direct variation in these variables. On 
the other hand when the product of the corresponding values of 


the variables is constant we say that there is inverse variation in 
these variables or one variable varies inversely with the other. 


§ 10.4 Graphs of direct and inverse, variation : 


9 Y Fig. 10.] shows the graph 
: 9 : . Of direct variation. When 
y Xx, we have * =kor 
7 | x 
y = kx (k is a constant. ). 
6 yr. When k = 2 we have 
~ = 2 or y = 2x the 
5 x 
| graph of y = 2x is a line 
4 of | | ‘passing through the origin. 
In the graph only half 
3 | , line is shown. 
Corresponding to non- 
2 ZB negative values of x and 
y, from the graph it is 
1 clear that changes in values 
| XxX of y are directly propor- 
0 1 a 23 4 5G tional to changes in values 
Fig. 10.1 of x. 
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10 

5 

8 

a 

6 

5 

gt 

3 DW, 

2|- i ee 
OT og 4 56 78 9 10 1 12% 

Fig. 10.2 


Fig. 10.2 shows the graph of inverse variation, y «< eu 1s: 
x 
xy = k (k is a constant), For k = 12, xy = 12. The 
graph in 10.2 shows the graph of xy = 12. Graph is drawn taking 
intO consideration non-negative values of x and y. The graph is 
the portion of a figure known as hyperbola. 


Now, read the graph in Fig. 10.2 and answer _ the following, 
(1) find y when x = 3 


(2) find x when y = ] 
(3) find y when x = 5 
(4) find x when y = 8 
(5) Do the values you have obtained satisfy xy = = 42 ? 


(6) Will the graph of hyperbola xy =12, imtersect the axes 
X or Y? 


§ 10.5 Solved examples : 


}Wx« a and x =6 when y=4, find (i) y when x= 8 
y 
(ii) x when y = 1.5 
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ped 
y 
ia: RY AK aeakae (k is a constant ) 
when x = 6, y = 4 
-- 6X4=k 
* 24 =k 
ee XY = 24 Or ys 
(i) Substitute x = g in xy = 24 
-- 8SY= 24 
we y = 3 
(ii) Substitute y = 1.5 in xy = 24 
“15 x = 24 


e x pa 


= 16 ; 

2. We know that the number of days required to complete a 
job varies inveresely with the number of workers appointed to 
do the job.If 6 workers complete a job in 10 days, how many 
workers will be required to complete the same job-in 4 days 2? 

Let x denote the number of days and y denote the number 
of workers. | 


We have, x « 1, 
, -_ y 


. xy = k...... (k is a constant ) 

Since, 6 workers complete the job in 10 days, we have, 
y = 6 when x = 10. 

After substituting in xy = k, we have, 


10 X 6 = k 
ae eo -— k 
ae xy = 60 
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Since, the work is to be completed is 4 days. We substi- 


tute 4 for y in xy = 60, 
we have, then, x x 4 = 60 
ek cS 
“. 15 workers should be appinted. 


Exercise 10.2 


1. Assuming y «< 6 find the value of constant k in each 
x 


cami given below. In each case write the equations showing 
how x is related to y. 3 
(i). x= 30, y=5 (ii) x=1.5, y=10 (iii) x= 5, y= 32 
(iv) x=2.4,y=1.2 (Vv) x=10?,y=10 (vi) x= 45,9 =4 


x 
(ii} x when y = 50 


2. If y « Zs and x= 4 when y= 5, find (i) y when x = 2.5 


3. ify « 1 and y=16 when x = 4 find (i) y when x = 12 
x | 
(ii) x when y = 256. 


4. The time taken by a vehicle to reach a town B from a town | 
A, varies inversely as its speed. A vehicle running at a speed 
of 40km./hr. takes 5 hours to complete the journey. What 
should be its speed to complete the journey in 4 hours ? | 


5. The time taken for filling a tank by a tap varies inversely 
as the speed with which water flows in to the tank. If it 
takes 5 hours for the tank to be completely filled when 
water flows in with a speed of 980 liters per hour, find the 
time required to fill the tank completely if water flows in 
with speed of 100 litres per hour. 
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6. The relation between 
120 . ihe pressure and the 
0 volume of an_ enclosed 
gas at a particular tem- 
perature is shown by 


| the graph in fig. 10.3 
is | Read the graph and 
: answer the following : 
; (1) Find the pressure 
90}. __4—__} ff - 

— in m.m. of an enclosed 


Pressure In mm. 


<a ann aneern 
Pa te A | gas when its volume is 
we! 1. 94 ‘epi: 
eMedia alas nal tel fa diaaleaals i (2) Find the volume 
(0) 4 8 12 16 20 4 28 32% 40 44 48 ~~ inn cm*® of the enclosed 
Yolen ang gas when its pressure is 


Fig. 10.3. oe a: 

(3) What type of variation is between the pressure and the volume 
of the enclosed gas ? What is the constant of variation ? 
(4) Can the numbers showing pressure and volume of the enclosed 

gas be equal ? If so, what is that number ? 


§ 10.6 Problems in variation connected with standard 
formulae : 

1. The formula connected with the circumference of a circle with 

its diameter is C = WD. where C is the circumference and D is 

the diameter. Hence C and D may be treated as variables. 7 is 


, C | 
a constant. C and D vary in such a way that D = 


C<D 
Hence, we say that the circumference of a circle varies directly 
as its diameter. We also say that circumference of a circle is directly 
proportional to its diameter. 
2. The formula for area of-a circle is 
A = ©R? 
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Here, A denotes area and R denotes the radius of the circle. 
We may treat A and R as variables. 1 is a constant. A and R 


A 
vary in such a way that —- = 1; so that here 
2 


A x R? 
We, therefore, say that area of a circle varies directly as the 
square of its radius. | 
Note that it would be wrong to say that area varies directly as 
its radius, for in that case we would have A = KR.. 
3. Formula for the volume of sphere is V = $aR°. Here V 
stands for volume and R for its radius. The term $m. is of 


; V 
course a constant.V and R vary in such a way that R? = $1 


(a constant ) | 
We therefore have V < R> (and not V « R) volume of a sphere 
varies directly as the cube of its radius. 

4. Formula for the area of a rectangle is A = L xB. Here 4 
stands for area. L for its length and B for its breadth. If we 
consider rectangles of the same area we must treat A as a constant. 
{n this case variables L and B vary in such a way that value 
of Lx B is a constant. Sowecan say that L varies inversely as B. 


( L« 4) 
B 
5. Formula of the area of a triangle is A=1 Bx H. where 
A stands for area, B for base and AH for its height w. r. t. the base. 
As above if we consider all triangles having the same area, A 
becomes a constant and variables B and H vary in such a_ way 
that the value of Bx H is constant. 
. 1 


ae: aa 


§ 10.7 Solved Examples : 
1. y < x?. when x=4, y=2. Find (i) x when y= 18 
(iil) y when x = 6. 
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y « x? 


a ak - (k is a constant ) 

Since, when x = 4, y = 2, we have 
ts =k 

. gk 
| oe lars or y= x? 
(i) We substitute y= 18 in y =} x? 

. 18 = bx? t 

.. 144= x? 

oe T12=X 

(ii) Substituting the value x= 6 in y = 4x? 
we get, 
y= & X 36 
=3 


by « > and when x = 9, y = 4 find x when y = 3. 
» ae 
ve 

SS yxVx = k...-....Ck is a constant ) 


when x= 9, yxr4 
oo 4x+v/g =k 
k 


oe 4X3 = 
oe k = 42 and we get. 
yX4/x = 12 
Substituting y = 3 in yx x = 12 we get 
3xV/x = 12 
ne fx. =A 
ee x = 16. 


3. ‘Volume of a sphere varies directly as the cube of its radius. 
When the radius of the sphere is {7 cm. its volume is 232 cm 5 
What is the volume of a sphere where radius is $ cm. ? 
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Let V donote the volume of the sphere and R its radius. Then, 
we have, 


V«R° 
.. V= KR ( K is a constant ) 
when R = J | V= 539 
2 | 8 


Rs 
ve) 
mr 
x 
o~ 

\~ 
eee” 
(7%) 


TX 1X7 
2x2x2 
$39 ,2X2X2 _ 88 
3° 7X7X7T 2 


) 
a 
x 


I] 


Now, when R 


I! 
f 
= 
o 
> 
ro 
< 
' a] . 


88 3xX%3x3 
21 2xX2X2 


aE 
—_ =~ 


T 
*, The volume of a sphere of radius 2 cm, is 4% cm $ 
4. Oscillations per minute of a pendulum vary inversely as the 
square root of its length. If oscillations. of a penduJum of length 
100 cm. are 60 per minute, find oscillations per minute if the length 
of a pendulum is 144cm. 


Let O stand for number of osicillations per minute, L stand 
for length of a pendulum. | 


OxYVL =k ( k is a constant ) 


when L = 100, O = 60 we have 


3 


. X varies inversely as the cube of y and y = 2 when x = 2. 


w 


60x 1/100 = k 
ie 60x10 = k | 
= 600 = k 
. OxVJ/r, = 600 
when L = 144, we have 


be O = 50 
.. oscillations per minute are 40. 


Miscellaneous Exercise — 10 


. If x x y® and x = 16 when y = 2, find 


(i) y when x= 54, (ii) x when y = 4.. 
2 


find y when x = 2. 


y varies inversely as the cube-root of x, and y = 2 when 
x = 4. Find x when y = 4. 


. y varies directly as the square-root of x and x = 0°25 


when y = }.5. Find y when x = 4. 


. The area of a circle is proportional to the square of its 


radius. The area of a circle having radius 7 cm. is 154 sq. 
cm. Find the radius of the circle whose area is 1386 sq. cm, 


. The distance ot the: horizon from a place varies directly as — 


the square-root of the height of the place. From a place 
64 metres high the distance of the horizon appears to be 
2 kilo - metres away. Find how far will the horizon appear 


from a height. of 100 metres. 


. The force of attraction between two unlike magnetic poles 


varies inversely as the square of the distance between them. 
If the poles are 12 cm. apart, the force of attraction is 3 
dynes. Find the force of attraction between two unlike magne- 
tic poles when they are 8 cm. apart. 
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g. The cost of a diamond varies as the square of its weight. 
A diamond weighing {0 deci-grams costs Rs. 1600. Find the 
cost of a diamond of the same kind weighing 7 deci-grams. 

9. The cost of a diamond varies as the square of its weight. 
A diamond weighing 12 deci-grams costs Rs. 2000. The 
diamond broke down into two pieces weighing 9 deci-grams 
and 3 deci-grams, What would be the loss to the merchant ? 


em 
Chapter - 11 
Shares 


§ 111 | 

For a small business one person can invest sufficient capital. 
Capital required for a medium size business can be raised in a 
partnership. But when a large industry or a workshop is to be 
established, a partnership of a few persons is not able to provide 
the required capital. In such a case, some persons come together 
and float a company. These persons are known as promoters of 
the company. They divide the required capital into small parts 
called shares. These shares are generally worth Rs. 100 or Rs. 10 
each. The capital raised by means of such shares is called the 


Sharecapital. 

People who wish to invest their mone, in some company,. 
consider the standing of the persons why are the promoters of 
the company, the objectives cS the company and the programme 
of business of the company. They get shares of the company as 
a token of the sum of money invested. These people who buy 
shares are called share - holders of the compeny and they are 
in a sense, Owners of the company to the extent of ihe capita: 
invested by them. For the management of ihe company, the share 
holders elect from among tismselves a body ch gersOls, 8liedi ay 
spown as the Board of Dircetors oi ine cosipany. 
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As every share-holder of a company is an owner of the company 
(to the extent of his share - capital ), naturally, he is entitled to a 
proportionate share of the profits of the company: The amount of 
profits on each share is called the dividend.The way in which 
this dividend is distributed, determines the two main types of 
shares : (1) preference shares and (2) equity shares. 

1) Preference Shares: 

At the end of the working year of a company, when accounts 
are finalised, the directorsare able to ascertain the gross profit of 
the company. From this profit, certain provisions are to be made 
according to the Company Law. The amount of profit that remains 
after the provisions, is distributed among the share - holders. Share - 
holders who hold preference shares have a preferential claim over the 
profit as agreed to. The agreed rate of dividend to preference-share - 
holders remains the same, irrespective of whether the company 
makes any profits or whether it runs into loss. At present, pre - 
ference shares generally fetch about 9 percent of the dividend. 

Sometimes, it may happen that a company incurs less or that 
there is not sufficient amount of profit after the provisions, to be 
distributed as dividend. In such circumstances, the company is not 
able to pay the agreed dividend to the preference - share - holders, 
that year. In that case even, the dividend on cumulative - preference 
shares goes on accumulating and is paid in prefence as and when 
the company can do so. 

2) Equity Shares : 

The profit of the company that is left over after its distribution 
to the preference-share-holders, is distributed among the equity - 
share holders. This dividend on equity shares may some-times 
be more or some-times less than the divided on the preference 
shares. If the company is doing good business, the equity shares 
may fetch proportionately much more than the preference 
shares. Also it is binding on the company under the law, 
not to pay dividend more than a certain percentage. In such 
circumstances, the residue profits are accumulated from year to 
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year and then converted into share - capital which is distributed 
to equity - share - holders. These shares out of profits are known 
as bonus shares. Hence; people are prone to invest..their money 
in equity shares of the companies that are run on sound basis — 
and make sumptuous profit. | 
§ 11.2 Share Market ( Stock Exchange ) 

The amount invested in shares of a company is. never returned 
by the company. So whenever a share-holder needs money against 
his shares, he has to sell his share to somebody. This transaction, 
naturally, involves two persons-a buyer and a seller. The place 
where the transactions of buying and selling shares take place is 
known as the share market or the stock exchange. The buying 
and selling of shares cannot take place privately. It has to be done 
through a person or a body recognised by the government. Such 
a person is called a share - broker. A broker has got to be paid 
his charges for the transaction of buying and selling of shares, both 
by the purchaser and the seller. These charges are called brokerage. 

The price of a share is printed on the share certificate. It is 
called the face-value of the share. If a company is making 
good profits or is likely to make good progress, the shares of 
such a company are in big demand in share-market. On the 
other hand, the shares of a company which runs into losses or 
which is not likely to show any signs of progress, lack such a 
demand. Consequently, shares of those companies which are in 
demand are sold at a price much higher than the face-value. The 
shares not in demand are sold at a price lower than. the face 
value. The selling price or the market price of a share, there- 
fore, is generally different from its face value and is dependent 
on the working of a company. | 

The company has nothing to do (or, is not concerned) with 
the price you pay fora share in the share-market. Form the point. 
of view of a company, you have invested as much _ share-capital 
as the face-value of the shares only, and you are entitled to a 
dividend on the said face-value. In the same, way, brokerage is 
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also calculated on the face-value. It has nothing to do with the 
market-price. 

Let us now get ourselves acquainted with the transactions of 
shares through examples. 


§ 11.3 Example 1 : 


The sum of money got by selling shares of Rs. 1300 in 8% at 
155, was deposited in a bank at 7% per annum. What is the 
difference in the annual income ? 

“9% at 155” means a share of face-value of Rs. 100 is being 
sold for Rs. 155 in the market and dividend at 8 per cent is paid 
(by the company) on it. When the face-value of a share is not 
Stated it is conventionally taken to be Rs. 100. If otherwise, it 
should be clearly stated. 


Also, since no mention of brokerage is made in the example. So 
af is not to be taken into consideration. When the same is men- 
tioned, it has to be taken into account. 

Let us now solve the example. 
' The market-price of a share of face value of Rs. 100 is Rs. 155. 
.. by selling shares of face-value of Rs. 1300, the sum of money 


realised = 155 X _1360 = Rs. 2015. 
: 100 


The dividend en these shares = on 8 = Rs. 104 

Now, the annual interest from the bank on Rs. 2015 at 7% 

= 215 x — = 14105 — ps y41.05 | 
790 100 


.. the income imereases bv 141.05— 104= Rs. 37.05 


§ 11.4 Example 2: 


A sum of Rs. 1200 was invested in 5°% shares at 78. When they 
rose to 84, all of them were sold. For each transaction brokerage 
at 2° was paid. What is the profit in the overall transaction? — 

AAs (here is ao mention of the face value, if is to be taken at 
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Rs. 100 per share. Brokerage is mentioned. So, it should be taken 
into account. | 

A share of face value, of Rs. 100 is purchased at Rs. 78 and 
brokerage is paid at 2%. 

. one share costs78+2 = Rs. 90. 

for Rs. 1200, we get, +28° = 15 shares. 

At the time of selling each share fetched Rs. 84, but brokerage 
was paid at 2%. So, each share fetched g4—2 = Rs. 82 nett. 

. total nett sum received = 82x 15 = Rs. 1230. 

*, overall profit = 1230— 1200 = Rs. 30 


11.5 Example 3 : 


Two companies have shares of 5% at 80 and of g% at 150 
respectively. In which shares is it more profitable to invest our 
money ? 

In dealing with such examples, if is better to suppose that 
equal sums of money are invested in both kinds of shares. Then 
it becomes easy to determine from the dividends, which share is 
more profitable. To make calculations easier it is advisable to invest 
as much sum of money as the market-price of one of the two 
kinds of shares. 

Let us now solve the example. 

Suppose, that a sum of Rs. 80 was invested in each of the two 
kinds of shares. 

<°.  Wewould get Rs. 5 as dividend from the first kind of shares. 
Now, the dividend from the investment of Rs. 80 in 8% at 150 
— g9x & = 640 = 64 Rs. 44 

150 ~=~—s:-150 15 15 
., It is more profitable to invest in 5% at 80. 

From the above examples, you must have grasped the language 
used in examples on shares and also the method of tackling the 
vexamples. Now solve the following examples for practice. 
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Miscellaneous Exercise — 11 
The sum of money obtained by selling 5% shares at 96, of the 
face value of Rs. 2,800, was. invested in 6% at 112. What is the 
difference in the annual income ? 


. A man invested Rs. 4960 in g% shares at 124. How much 


dividend will he get? How much per cent of dividend does he 
get on his investment ? 

A man purchased shares of face value of Rs. 2400 by investing 
Rs. 3000. What was the market price of a share ? If the shares 


fetched g°% dividend what percentage of dividend did he get on 


> 


his investment ? 
Suratwala spent Rs, 2610 in purchasing 99%, shares at 140. 
After getting the dividend on them, he sold them at the same _ 
price. In each transaction he had to pay 5°% brokerage. Did he 
gain or lose in the total transaction? By how much? 


. Hakimbhai and Adranwala each invested Rs. 1820 in 53% at 


91 and in 71% at 130 respectively. Whose investment is more 
profitable and by how much ? 


. Subhash invested Rs. 912 in shares of face value of Rs. 50 at 


56. After receiving dividend on them at 9% he sold them at 


55. In each of the transactions he paid 2% brokerage. How 
much did he gain or lose in the overall transaction+? 


Two companies have shares of 7 % at 116 and 9 % at 145 
respectively. In which of the shares would the investment be 
more profitable ? | 

A man invested Rs 11622 in 6% shares at 104 and Rs. 11000 
in 10.40% shares at 143. How much income would he get in all ? 
The amount realised by selling 7% shares at 419 of the 
face value of Rs 2,000 was invested in 5°/ shares at 85. What 
would be the difference in his annual income ? 


10 A man purchased shares worth Rs. 12000 when the market 


price was RS. 92.50. Out of those shares he sold shares of 
face value Rs. 7200 when the market rate was 102, and sold 
the remaining shares at 96, He had to pay 2.5% brokerage, 


each time. What was his gain or loss on the whole ? 
@e2eee 
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Chapter 12 


Statistics 


§ 12,1 


The science of statistics is a powerful mean of studying groups, 
big or small. Knowledge of statistics is also widely useful in 
the ‘study of sciences, not only like Physics and Chemistry, but 
also in the study of agricultural science, medicine, social sciences, 
psychology, education and even in economics- 


The information or data that we collect about a particular group 
is mostly numerical in nature. Mere collection of information does 
not throw much light upon the nature of the group as a_ whole. 
Such material or information is called ‘Raw numerical data. 
When this data is subjected to analysis many aspects regarding 
the nature of the group becomre clearer. But before any analysis 
can be made the first thing we have to do is to classify this raw 
data. 


After careful observation of the raw data, suitable class interval 
is first fixed. After deciding the number of observations that fall 
in a given class interval we obtain a frequency distribution giving 
frequency in each class interval. A visual representation is obtained 
if a histogram or a frequency polygon is drawn from the infor - 
mation supplied in the frequency table. All this yon have - learnt 
in your IXth standard. 


Let us, however, make a revision of the same. 
Below is drawn a histogram giving details about the monthly- 


income of some families in a village. Answer the following 
questions with the help of the histogram. 
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Fig. 12.1 


(1) What is the length of each class interval ? 

(2) Prepare the frequency distribution table with the help of 
the histogram. 

(3) Which class interval accommodates the maximum number 
of families ? | 

(4) Find out the class interval whose frequency is 7. 

(5) Find out the total number of families taken into conside- 
ration. | 
(6) Prepare the frequency polygon with the help of the histo- 
gram. : 
§ 12.2 

The classification of the data gives a compact form to the 
otherwise widely spread numerical items in the raw data. It also 
unfolds to some extent the structure of the group. But to further 
clarify the nature of the given group and also to be able to 
compare the given group with another similar group, it ts found 
useful to render the numerical data a compact form. To be able 
to choose a single characterstic number which will represent the 
group as a whole ts the second important step in the analysis of 
a given numerical data. We will mostly concentrate on this second 
step in our study of statistics this year. 
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To illustrate the point made in the above paragraph let us 
study some examples, 

(1) The people of Maharashtra are 165 cm_ tall. 

(2) Everyday J walk 6 kilometers. 

(3) A sack of sugar weighs 100 kilograms. 


(1) When we say that the people of Maharashtra are 165 cm 
tall we do not mean that each and every man from Maharashtra 
is exactly 165 cm tall. All we mean by this statement is that 
if a large crowd of Maharashtrians is considered then most men 
from this group will have height near about 165 cm In_ other 
words we can say that the number 165 cm is the most appro- 


priate number which represents the height of the people of Maha- 
rashtra as a whole. 


(2) Everyday I have to goto my office. The office is roughly 3km. 
from my house. Hence everyday to and fro journey to the 
office and some incidental walk amounts to about 6 km. Therefore, 
I say that everyday I walk 6 km. 


(3) If many sacks of sugar are weighed it is found that a 
sack weighs round about 100 kg. So in this case the statement 
that a sack of sugar weighs 1090 kg. makes sense. 

We should remember that we could easily decide on the repre- 
sentative numbers of the above groups because the individual items 
of those groups were within the range of our evervd>:’ knowledge 
and exp2rience. From examples considered above we observe that 
every numerical raw data regarding some. group contains two 
important properties as stated below. 


(1) Numerical data is spread between two numbers, one which 
is the largest and the other which ts the smallest. 


(2) Most numerical values in the given data cluster round some 
number. | 


Let us clarify this further by considering the following example. 
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There were 20 sacks of sugar in a godown. Each sack was 
weighed. The weights in kilogram were as follows : 


102.5, +100, 99, 101, 100, 103; 
98.5, 99, 100; 101, 100, (101.5, 
- 99.5, 97, 100.5, 98.5; 104, 101, 
99.5,. 100.5. 


Let us plot points representing the above numbers on a_ graph 
paper. | | 


4 6 8 10 12 14 16 11% 20 
SR.NO.OF SACK 


(9A) HVS JHL 40 LHOIIM 
S 


Fig. 12.2 


The graph clearly shows that, 


(1) The maximum and the minimum weights are 104 kg. and 
97 kg. respectively. 


(2) Weights of the most of the sacks lie near about 100 kg. 
( As many as 13 sacks out of 20 weigh between 99 kg. to 101 kg. ) 

Therefore the number 100 ‘represents well the group of weights 
given in the example. | 
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Thus when we collect a numerical data regarding a particular 
group, we find that there is always a number about which most 
of the numbers from the given data seem to crowd. 


This tendency of a group is called its central tendency. 
§ 12.3 


To compare two given groups their central tendencies are mea- 
sured. There are different methods of measuring central tendencies 
of a group. Each method has its own merits and demerits. We 
have to select a suitable method. Keeping in view our main pur- 
pose of study this year we are going to make a_ study of the 
following three types of central tendencies. 


(1) Arithmetic inean (2) Median (3) Mode, 


1 Arithmetic Mean : This measure of central tendency has 
to be calculated from a given numberical data. The arithmetic 
average of all numbers in the data is called its Arithmetic Mean. 
To evaluate the Arithmetic Méan we have to divide the sum of 
all numbers in the numerical data by the total number of items. 


Therefore, if N items in a given data are as follows : 


ei Xie. Nau a Xs 
its mean will be the number given by 
Xy txXo tz t.. eee 

N. 


If we represent mean by x and the sum (x, +%g +g +..+ x) 
by Zxj (2 is read as sigma ), then. 


Example (1): 
Consider example in § 12.2. Find the mean weight of 20 sacks 
of sugar. 
v= 24 
N 
102.5+ 100-0 + 99.0+ 101.0 + 100.0 + 103.0 
+ 98.5+ 99.0 + 100.0+ 101.0 + 100.0 + 101.5 


+ 99.5+ 97.0+ 100.5 + 98:5 + 104.0 + 101-0 
+ 99.5 + 100.5 


20 

2006 
= 

= 100.3 kg. | 

We observe that the answer ts consistent with the answer we 
found from the graph of the given data. 

In the above example addition of 20 numbers was quite 
labourious. This labour can be saved if we adopt the method as 
shown in the following example. | 


Example (2) : Find the arithmetic mean of 45, 47, 50, 48: 


Method Activity 
(1) Observe the data carcfully (1) 45 and 50 are the minimum 
and assume a suitable number and the maximum values respec- 
as ‘mean’. Call it A tively. The number 48 is midway 
between them. So assume 48 as 
mean, 
S.A S ag 
(2) Subtract the assumed mean | (2) 45-48 = -3 = x‘, 
from each number in the data | Ay 4s Se 1 = 
represented. The results 9 of SO0-48 = 2 = x! 
~htractions ore denoted hy x! Ago A ae, We? Fe 4 


Qe 
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(3) Divide the sum Yx; (3) xp = Hse lr 20: 


N 4 
by WN. 
- a 2s 
4 
= -0°5 
we | Sx'> 
Add .*~-—£ to th : d = assets 
(4) jv to the assume (4) x = At 7 
mean -f. = 48+(-0.5) 
The answer will give you the = 47.5 


real mean, that is x 


This example incidentally tells us the formula for determining 
the arithmetic mean of a given data. 


This method is called the ‘ method of assumed mean’ 

(1) If you add all the numbers and divide the sum by 4, you 
will get the same answer, 47° 5 

(2) If you assume some other number as the mean still you will 
get the same answer. 

In this example we have dealt with only four numbers. But this 
method need not be used when only a few numbers are in the 
given data. This method proves useful, when there is a_ large 
number of items in the data. This will be illustrated further by 
considering the following example. | 


Example (3) : 

Find out mean weight of 20 sacks of sugar, considered in example 
(1), by using the method of assumed mean. 

The weights of the sacks range from 97 to 104 kilograms. So, 
let us take 100 kilograms as the assumed mean. 

Let us prepare a table as per the method explained above in 
example (2). 
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Total number, . = a 
Assumed mean, 


Aluinbers that are Numbers that are 
greater than A less than A 


1 
2 
3 
4 
5 
6 
7 
8 
9&9 


” § =A UX ——- Note : Here 100 kg. was taken 
i N as assumed mean. Because we 
= 100 + 15 + { -9) Observed that four sacks have 
| weight exactly 100 kg. for, those 
— 100+ 6 | four observations we have Q for 
20 x;—.A. For this reason it was 
= 100+ 0.3 not shown in the above table. 
= 100.3 | 


o ‘Mean weight of sacks = 100.3 kg. 

Some-times the items in the data are repeated. In such cases 
the method of calculating the mean changes slightly, 

Study the following example. 


Example (4) : 


40 students in a class had for their pocket expenses the following 
amounts in rupees, when they started for an excursion. 
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150 200 200 100 150 100 300 150 
250 200 250 1450 300 100 350 150 
200 100 250 300 250 250 -100 300 
150 150 200 300 350 - 100 50 350 
200 150 200 200 =. 200 450 250 200 
Find the arithmetic mean of the above sums of money. 
Observing the given data we infer as, 
(1) All numbers are the multiples of 50 
(2) The least number is 50 and the greatest number is 450 
(3) There are 19 students bringing the amount of Rs. 200. 
Considering these observations let us prepare the frequency 
distribution table. 


[ The principle used here 
to sum up the numbers is 
X+X+..... +4 (f times ) 

=fxx] 


Amount| No. of students 
in Rs, | bringing the 
amount ( f ) 


*. mean x 
_ total amount ( > fx) 
~ total number of 
students ( N ) 
_ 8350 
"40 
= 208.75 
The formula used in this 
example is_ 


Example 5 : 


If this example be solved by using the method of assumed 
mean, the calculations will be seen to be minimised. 


We observe that maximum number of students are bringing 
Rs. 200. So let 200 be the assumed mean. 


209 


Since all the amounts are the multiples of Rs. 50, we will express 
the difference between the observations and the assumed mean in 
_ units of 50. We denote this unit by j. 
For example, 50-200 = - 150 = —3 X 50 
*, 50-200 = —3 units. 
Similarly. 300 —- 200 = 100 = 2 x 50 


*, 300-200 = 2 units. 
Now let us prepare the table. 


Unit difference be- 
Amount (Rs,) |Frequency| ween the numbers 
and the assumed 
mean ( x’) 


In this example N = 40, A. = 200, 


Tf.x"' = —23+30 
= 7 units 
= Jy 

& Wei AS x f. x’ units 
N i 
= be Pea 
ce rae 
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7 X 350 


= 200 + ———— 
200 

= 200 + 8.75 

= 208.75 


The formula used in this method was 


In this case also you may verify that even if the number we take 
for the assumed mean is cHanged, the real mean does not change, 

We have used a few simple mathematical techniques. Study them 
carefully.This will help you to understand why these methods are used. 

So far we have studied a few methods of finding the arithmetic 
mean. We should adopt the method that is suitable to a_ given 
problem. 

To get the arithmetic mean we take into account all the nume- 
rical items of the data. Hence it is the most reliable and _ valid 
‘measure of the central tendency of the given group. Yet the 
arithmetic mean has its own limitation. The follwing example will 
bring to your notice this limitation | 

Let us say that 12, 10, 8, 9, 66, are the marks obtained by 
five students in a test. 

The arithmetic mean of the marks is 


I2+10+ 849466 _ 105 _ 4, 
5 5 


Now if we observe the data carefully, we find out that the 
marks obtaind by four students of the five are in the vicinity of 
the number 10 only. The fifth student has marks 66. The arithmetic 
mean of these four numbers is 9.75. 

Now the arithmetic mean of the four numbers of the given five 
is closer to 10, Obviously the number 21 does not represent the 
group in the real sense. The reason is obvious. The difference 
between 66 and the number 10, about which the marks obtained 
by the rest of students lie, is very large. 
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In short we can conclude that if the given group is such that 
the scores of a few numerical items in the data differ greatly from 
those of its majority, arithmetic mean does not adequately repre— 
sent the group. | 

Median : when the numbers in the raw numerical data are 
arranged in ascending or descending order, the number which comes 
exactly in the middle of this arrangement is called the median of 
the group. | 

To determine the median no.calculation is necessary. You will 
easily notice that extreme values do not affect the median. | 
_ Example (1): | 
- Find the median of the following raw material, 

5, 1], 6 48 15, 10, 6 £13, 10. 

First we shall arrange the numbers in the ascending order. 

5 6 6 10, 10, 4I1, 13, 15, 48. 

There are nine numbers in the raw material. So fifth number 
in the ascending order is the median. 

.. median = JQ | 

( It should be noted that the number 4g in the given raw data 
is bigger in comparison with other numbers, but it does not 
affect the median. ) | 


Example (2): 

Find the median, 

75, 98. 72, 4105, $4101, 78, 75; 85. 

Arrange the given numbers in the ascending order, 

72, 75, 75, 78, 85, 98 101, 105. 

In all there are eight numbers, That is the number of numbers 
is even. So it cannot be said that one and only one’ number is 
in the middle. Both fourth and fifth numbers are in the middle. 
In such case the average of two such numbers is taken to be 
the median. | 
163 
a 


.. median = 


815 


78 + 85 
2 
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Generally if the numbers arrangetl in the ascending order are n,then 
(1) ifmisodd the median of the group is the number that is 


n+1 yi 
at lace. 
( 2)? 


pe th 
(2) if n is even the average of numbers that are at ial 


and ("22)" place is the median of that group. 


Following example illustrates how median is to be determined. 
when the raw material is given in a classified form. 


Example (3) : Find the median of the population from the 


frequency table. 
| | Cumulative 7 


NO NWN una eo Ww oO nN Ww = 


Cumlative frequency table has been prepared as shown in the 
column adjoining the frequency column. From it is seen that 
there are in all 60 numbers whose median is to be determined. 

-. N= 60 

As WN is even, the median will be the average of the numbers 

that fall at 30 and 31° place. As the numbers are arranged 


213 


in ascending order 30th and 3]st~ numbers 
the table. 
From the column of cumulative frequency 


30th and 31st mumbers are 50 and 50 each. 


median = -20 7 50 


= SO. 


cin he fixed from 


it 1s seen thar 


beth 


Mode :- It is also an important measure of central tendency. 


Zizek has defined the mode as follows: 
‘The value occuring most frequently in a 

items and around which the other items 

densely, is the Mode of the distribution” 


Example 1: 
Ages of 50 students from standard X are 
Find the mode of ages of the pupils, 
16 15 IS 17 15 14 17 
17 15 18 14 15 16 16 
15 14 17s 15 16 15 15 
15 16 16 14 #%I5 15 14 
16 15 1 847 15 16 15 
First let us prepare frequency table. 


in standard xX. 


is Of age 15. 


of people in regard to colour, size and value of things. 
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series (or group ) of 
are distributed most 


recorded as below. 


16 


17 
15 
17 
17 


15 
16 
16 
18 
15 


15 
15 
15 
16 
15 


_ From the table it is seen that there 
are 22 students having age 15. Thus 15 
occures most number of times. So in this 
case 15 is the mode of ages of students 


We say that a student of standard X 
Mode as a measure of central tendency 


has its uses mostly in industry. From 
mode one can know best about the choice 


From it 


industrialist can determine the type of production and traders can 
decide about the type of material to be produced. For example, 
if majority of people prefer black umbrella, the industrialist will 
manufacture black umbrellas and trader will place their demands 
only for black umbrellas. 


Miscellaneous Exercise - 12 


(1) Find the mean from the material given below, 


(i) 5,13, 10, 8 7 (ii) 478, 517, 550, 522, 483. 


(2) Find the mean of numbers given in example (1) by the 
method of assumed mean. | 


(3) Find the median of the numbers given below, 
(i) 13, 22, 17, 15, 13, 16, 30. 
(ii) 75, 84, 78, 95, 100, 76, 68 84, 69, 78 


(4) 25 students appeared for a competitive examination. Their 
individual scores are given below, 


98 92 100 97 98 81 98 95 87 
98 94 98 91 100 92 98 82 94 


98 85 92 93 99 98 94. 
Find the median and the mode of the scores. 


(5) in a test 10 pupils scored as follows, 
78, 82, 90, 87, 80, 84, 75; 90; 88, 84. 


(i-) Taking 80 as the assumed mean, find the true mean of 
the scores. 


(ii) Taking 85 as the assumed mean, find the true mean of 
the scores. | | 
(6) Yield per acre got by Mahipatrao and Hambirrao from 


year 1971 to 1980 is given. 
By obtaining the mean of the yields, determine which of the 


lands is more producivet. ( Numbers in quintal. ) 
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on ¢ ome | 


(7) Rates of tickets for a dancing 
performance were Rs. 10, 20, 50. 100 
and 200. The adjoining table shows 
the sale of each kind of ticket. 


From the table find the median. 


(8) The following table shows the donations received in aid of 
a school for blinds. 


Amount of | 
donatongrs)| © | ® | ® | @ | so 
doners i 


(1) Taking 20 as the assumed mean find the exact mean. 
(ii) Find the median of the material given. ecee 
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ANSWERS 
| Chapter 1 
Exercise 1.1 


4. 0)6 (2)2% £(3)-2 (4)2 (5) 5 


(6) 1- (7)-8  {8) 16. (9) 0, 1, (10) -4. 
(11) 10. (12) 3. (13) -4 (14) -8. (15) -3. 
(16) 4. (17) 3. (18) — 6 


a a £4 a —2 3 4 
2. (i) (81)* <(27)%. (ii) 2 = 4. (ili) (93)? > ()3 
3 (i) 25 (ii) & = Cat) 276 Civ) 1280/2, 
- Exercise 1.2 | 
}. (1) ath root of §. (ii) 14th root of 10. (iii ) 6th root of ¢ 


2. (1) 53 or phe ia 487? or 7 48. , 


3 (i) 4 (il) (ii) 4 
Exercise 1.3 


(6) 4. (7) -a (8) - 3 (9) -%3. (10) -$ 
(11) — 3 (12) 3 (13) —3. (14) — 3%. (15) 0, 1 
(16) 4, 4 | 

2.(1) se (2) Fee (3) 4 (4)rde- 

3(1) 1 (2) 4. (3) 625. (4) 512. 

4. (1) 3 (2) -2. (3)-—2 (4) %. 
(5) -4. (6) -% 


1 (1) 3 © (2) 22 03) - Be (4) eS) G. 
(6) % (7) -% (8) -3. (9) Ie (i0) — x3; 
(11) - 2 (122) —3. (13) ~a#. (14) - 

2 (1)z (2) 4. (3) rodeos aS 19, 53,125. 

3. (1) 05. (2) a's. (3) aye (4) 8,192. 

4(1)3 (2)-2 (3) -# (4) 0. 

Exercise 1.5 3 - 

1.0) ¢ 2-3 G*& @-es )-12 (© -2 

2 (1) st43 (2) redzs (3) 1024 (4) 343. | 
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3. (1) 8. (2) 4. (3) 

4. (1) 3. (2) -2 (3) 

Exercise 1.6 | 

1. (1) 3, 3. (2) — 43; -3 (3) ar ae 
2. (1) §- (2) x5. 

_ Miscellanous Exercise - 1 


1 (1) st (2) $-$ G3) -3 (4) -5, 4 
2. (1) 1. (2) 6 = (3) 36. (4) shue (5) 4 
3. (1) x=~-fh, y= Te t=F 

(2) x=—5, yo, z=}. 
4. (1) x=—?2. (2) x4. (3) Nee th 

| Chapter 2 

Exercise 2.1 
1. (i) 9:4. (ii) 755. (ill) 25. Civ) 433 

(v) 3:2 (vi) 3:4 (vii) V3:V5 (viii) 123 (ix) 5:4 
. (i) 3:5. (ti) 18:40. (iii) 72100. (iv) 2:21. (v) 3:4 (vi) 5:4 
- 30 years, 12 years. 
- 28, 49. | 
60, 25- 
- 7cm., 4.2 cm. - 
- ©, 80°, 40°. 
- 60°, 80, 100°, 120°. 
- 2:3, 4:9. 
10. 2:5, 2:5. 
Exercise 2.2 
Q > 2% > @ = 4 > © < ®™= M= 
(8) < (9) < (10) > (11) < (12) = (13) < (14) < (15) >. 
Exercise 2.3 


COI AW & wh 


le 4]. 2; I, 354: 4. +). 5. 0 m 
6. (1) x= 18 or x=}. (2) x=6. (3) x=. 
(4) x=0 (Ss) x =0 (6) x= => 


Exercise 2.4- 

1. (1) 11,4. (2) 24, 5, x42 + 42. 
(3) 264+3m-—4n, §5x—2y +2. (4) x+y. 
(5) m-1, 2(m-n). 

Exercise 2.5 


1. (4) 21. (2) 15. ~— (3) oe (4) = 

2. (1) 15 (2) 99. (3) x3y?. (4) xz. 
(1) 28. (2) 10. (3) 10V10 ~— (4) a. (5) 2A. 

4. (1) 36- (2) 16. (3) &=? (4) 2. 

5. 3. 

6. 4. 

7. 3, 27. 


Misellaneous Exercise = 2 

1. (1) 5:8. (2) greater (3) less (4) 5:3. (5) 8 

(6) “s+ (7) ¢ (8) (51-39). 

(9) 18 (10) 24. | 

(1) equality (2) 75. (3) No effect. (4) x¥-y?. 

(5) The ratio of present ages will be greater than the ratio of 
the ages some years hence. 


(1) d (2) 3:2. 


3 

4. 12 oe and 10 years. 
5. 48 years and 20 years. 
6 
7 


Og 


. 72 and 45. | 
. Rs. 2,400 Rs. 4,000 Rs.6,400 
Chapter 3 
Exercise 3.1 
1. Rs. 3,296°30 2. Rs. 712°08, 10-4% 3. Increase, 4% 


4. 21°5%, Rs. 1,020°60 5 218%, 609. 6+ 62% Rs. 46,170 
7. Rs. 1300 8 Two lacs of rupees. 9. Rs. 4,000 10. Rs. 29,200 


Exercise 3.2 | 
1. 1,875 quintals 2. Rs. 16,000 3. Rs. 10,000 4. Rs. 4,800 
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Exercise 3.3 
1. 8,400. 2- 800. 3. 273-6 A 1,001. 


Exercise 3.4 


J. 200 grams. 2. 20 litres,30 litres. 3. 240 grams, 160 grams. 
4. 12.5 grams. 


Miscellaneous Exercise - 3 

1. 176%  —«-2+:*112, 3°2% 3+ 26,508. 4» 300. 

5. one lac. 6. Rs. 60,000 7- 225 liters. §. 125 kilograms each. 
9. Rs. 2,600 10- 1,107 hectares. | 


Chapter 4 
Exercise 4.1 
}. Rs. 95 and Rs. 133 2. Rs. 8,000 Rs. 9,600 and Rs. 11,200 


3. Rs. 360, Rs. 450 and Rs. 540 4. Rs. 540 Rs. 420 and Rs. 720. 


Exercise 4.2 


1. Rs. 600 Rs. 1,500 and Rs. 1800 2. Rs. 2,800 and Rs. 2,000 
3. Rs. 1,104 Rs.2,484 and Rs. 3,312 4. Rs.1,700 Rs.1,775 and Rs.1,850. 


Exercise 4.3 


1. Rs. 540 and Rs. 450 2. Rs. 180 3. Rs.720 and Rs. 600 
4. Rs, 2,700 5. Rs. 945. 


Miscellaneous Exercise — 4 


1. Rs. 900 and Rs. 540 . 2. Rs. 1,196 Rs. 1,495 and Rs.1,794 
3. Rs. 8,750 and Rs. 12,250 4. Rs. 4,550 Rs.8,592 

5. Rs.337.50 Rs.360 and Rs. 367.50 

6. Rs. 6,000 7. 4 months. 

8. Rs. 16,000 9. 6 months. 

10. § months and 7 months. 
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Chapter 5 
Exercise 5.1_ 


1. ‘Da; . Quadrant or 
. 2) AXIS 


3. (3,4), (15; 5. ee I 
(29; 5), AoW 3. Wo.) aeolian ll 
(—3, 5)» CV2, 1/3 )eeeeeeee Il 
(6, ay (4/2, =3°)y ( 1-5, Pid IV 
(-7, 0), ( (-+/3, 0) (0, 0)... . X - axis 
meee 25), 0/0) nacdneatnes Y - axis 


[ (0,0) lies on both axes. ] 
. (1) y (2) second (3) third (4) Y (5) (0,0) 
5. (1) x- coordinate 4, parallel to Y - axis, x - coordinate 4 
(2) parallel to x axis,y - coordinate, — 3 


& 


Exercise 5.2 


]. Points are collinear.y = § 

2. xX = —3, parallel to Y - axis 

3. (1-) equation of line AB is y = 0, equation of line PQisy=2 
equation of line QS is x = —4, equation.of line RS is y= —§ 
(2) line MN (3) (5, ~3) (4)y=-5 


4(1)x=4 (2)¥=-2 (3) ¥y=5 (4) X= -4 
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5. (1) (4-2) (2) (-3,2) (3) (0-5) 
(4) (0,0) (5) (-3,0) (6) (-3, -5) 


Exercise 5.3 

1. (1) y= 2x, (3) 3y =x, (4) y-2x=0, (5) 2y = 3x lines will 
make acute angle will the positive direction of X -axis because 
their slopes are positive. 
(2) The line y=—1 x will make obtuse angle with the positive 
direction of the X - aixs because its slope is negative 
(6) The line x = § will make a right angle with the positive 
direction of the XY — axis because it is parallel to Y- axis. 

2 The lines (1) x=5, (3) x=0, and (5) x=0. y, have no 
slope, and slope of the lines (2) y=-—4, (4) y= 4, is zero. 

3. a=- 4, b5=0, c= 3 and d=- 5 

| 4. Slope = 4, passes through -the origin, y= 5x | 

5. (1) (5,5) (2) passes through the origin (3) slope = 1, y = x 
(4) point (— 4, 4) lies on the line PQ. y=—x (5) y=2x 
(6) 2=3 (7) lie on the line CD.y=—3x (8) (a) y=2x 
(b) y= — 4x (c) y=x (d) pa—x. 
order : (c), (a), (d), (b) 


Exercise 5.4 


The above lines are parallel to each other. 
2 The lines y=o-x + 3, x +y= 7, 2x +2y= 5; are parallel to 
So x 
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(1) y= x-} $ — 
(2) 
(3) 
(4) 
6. 


X — intercept Y—intercept 


(1) 3 2 
(2) 16 12 
(3) 2 — 5 
(4) — 6 4 


J. a==-] 8A=2 9.X — intercept a and Y — intercept d, slope=-— 


10. slope = —4; y-3 = —4¢(x~-4) 11.4 = 2 12. Lines are 
perpendicular to each other because product of their slopes is — 1. 
14. slope = —1,y = —xX+6 15» are perpendicular. ( 3, 2) 

lo. (1) slope =-— 32, Y-— intercept = 2 (2) y = —4x +2 


(3) y = x-1 (4) (2,1) 
Exercise 5.5 
(1) x= 3,y =2 (2) x 
(4) x = —-2, y = 4 (5) x 
Miscellaneous Exercise — 5 
9. are collinear.y = x+3 3. slopes are. equal. Yes. 


5,y=2 G) x=0,y=-3 
4, y= 1 (6) no solution. 


i 


II 


| x. y 
4.y=-4xt4 5. () y = 3x-§ (2) 4 = 
7 OD Ht*CH 


6. Slope = 2, X—intercept = 3, Y-intercept = — § 

7. lies on the line because the coordinates satisfy the equation. 

8 y-1=3(x-2) %-—} 10. slope =—-}; y-2=—-}(x-0) 
11. (1) y= 2x (2) y-3x =0 (3) y-4=2(x-2) (5) x =0 
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122 A=2andB = 3 13 A=2andB=6 14.%* =-1, y=1 
15. X —intercept=1°, Y-—intercept=—2 16. c= 10;(0,-§) 
I + 7 = 1, slope = § 18. slope = 3; y= 3x3 

19. (7, 9) 200.a=-2 

: Chapter 6 

Exercise 6.1 
(1) £44 (2)£3 3 (3) {1} ¢4) faa} (5) {-5] 
(6) L121} (7) £-1} (8) {16} (9)4 of (10) {103 
GQiy%1} G2)$4 3 G3)is¥ a4 -23 Usyt 4} 
(16) { 10 $ (17) 29 J} (18) { -11} (19) 3-#% $ (20) £ 33} 

Exercise 6.2 | 
(1) x=7 or x=-3 (2)y= 3% or y=-i8 
(3) x=1 or x=-4 (4) x=35 
(5) y=5 or y=-5 

Exercise 6.3 
(1) 2 S=o yas. (02) S25 yess. C3 eH 27,7 SS 32: 
(4) x=3,y=1 (5) x=1,y=-1.(6) x=8, y=2. 
(7) x=7, y=5. (8) x=5,y=6. (9) x=10, y=2. 
(10) x=3, y=2. (11) X= 15,9=10 (12) x=9, y=20.. 

(13) x=8, y=5 (14) x=4,y=6. (15) x=2, y=3. 
(16) x = 13, y=—26. (17) x=3, y= 4. (18) x=8, y=2. 

(19) x =3, y=- 3. (20) x=7, y=11 (21) x=9, y =20. 
(22) x=11, y=9. (23) x=11,y=2 (24) x=-4, y= 3 
(25) x=4, y=3. 

Exercise 6.4 | 
Cl) x=): S15 (2) x=5,y=2 (3) x =5y=-1 
(4)x=3,y=1 (5) x=1,y=-5 (6) x=48, y=} 
(7) x=4,y=-2 (8) x¥=2,y=4 (9) x=2, y=3 
(10) x=2, y=-2 . | 

Exercise 6.5 
(1) x=6,y=5 (2) *=3,y=2 (3) ¥=15, y=S 
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(4) x=-4, y=-6(5) x=15, y=10 (6) X=12, y=8 
(7) x=8 y=5 (8) x=3, y=4 (9) x=2, y=3 
(10) x=15, y=8 

Exercise 6.6 3 
(1)x = 2, y =-1 (2) x = 5, y = -3 (3) x 


= 39:1 

(4)x=1,y=2 (5) x= 1 y=2 (6)x=23y=3 
(7)x*=3,y =-3(8)x=1,y=2 (9) x =-2, 9=3 
(102) x =-2,y = 2 

Exercise 6.7 
(1)-42 44,9721 12) 223. 93]3 (03) 2% S23) y=2 
(4)x=4,y =-3 (5)x=2, y=3 (6)x =1,y=-3 
(7)x=-2,y =4 (8) x=}, y=2 

Miscellaneous Exercise 6—(A) ~ 
(1)x=2,y=-5(2)x=4,y =9 (3) x= -4 
(4)x=6y=-4(5)x=4,y =3 (6) x =5 
(HAS, FH Ose 27S3 ()s]s5 S20 
(10) x = -2 GQi)x=4,y=6 (12) x=4, y=10 
(33)p=-15 °° (14) x =-3,y = 3(15) x = 3, y=4 
(16) x = 15, y = 8 (17). p= -Z (18) x =5,y =3 
(19) x = 2, y=-1(20) x = -13 (1)x=1,y =3 


(Q2x=1ly=4 (233)x=12,y =8 (24) x = 12 
(25) x=-2,y=2 (2) x =1,y =2 (27) x =2, y 
(28)-p = 4 | 7 
Exercise 6.8 | 
(1) 84 (2) Age of the son, 20 yrs; mother, -40 yrs. 
(3) 10 km/hour = (4) 37,— ss (5) 14 (6) 48 
(7) 32 =«(8) 54. ~— (9) Rs. 375. ~— (10) :10 yrs. 
(11) Length 30 cm,, breadth 15 cm. | 
(12) Length 25 decimetre, breadth JQ decimetre. 
(13) mZA = 75°, mZB = 70°, mLC = 35° 
(14) 8, 14, 18 cm. (15) Length 40 cm. breadth 20 cm. 
(16) 20 cm. | 


t 
be 
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Exercise 6.9 | 

(1) 35, 10 (2) 14,8 (3) 57, 38 (4) 75, 50 
(5) 120, 80 (6) 7 mtrs, 5 mtrs. (7) Father 3g yrs, Son 5 yrs. 
(8) Person 36 yrs. son 9 yrs, (9) Mother 45 yrs., Umesh 15 yrs. 
Exercise 6.10 — 

(1) Orange Ps. 75, apple Rs. 1. (2) Alg. Rs. 6, Geom. Rs. 5 
(3) 2 (4) 448 km. (5) 4] tickets of Rs. 10; 64 tickets of Rs. 8 
(6) 100 80, 100°. 80°. 

Exercise 6.11 

(1) ZA = 50°, m£LC=40° (2) Length 63cm., breadth 27 cm. 
(3) 48 cm., 36 cm. (4) 84°, 96°. 

Miscellaneous Exercise - 6 .(B) 


(1) 3 (2) 54 (3) Rs. 200, boys 40 (4) Rs. 1500 — (5) 800 
(6) Tea Rs. 19.25, sugar Rs. 1-40 (7) 360 km. (8) Length 15 cm. | 

breadth 12cm. (9) Length 16cm., breadth 10 cm. (10) Rs. 125 
(11) 19 yrs., 24 yrs. (12) 5 (13) 32, 40 (14) 80 Paise (15) 24 ke. 
(16) 5cm., 5cm., 8cm. 

Chapter 7 

Exercise 7.1 ) 
(1) ee eee } (2) is, Z } _(3){-6,-4} (4) {2, +} 
()i23 4 @i-2-3} @1-3,43 @{1, $} 
9) {-2,-$h Gols, 33 G)i.3) adis,-4 
(3){-$, 3 3 G41$,-135) {-3,-43 (Go L3, - 7} 
(i7){-%, —23 49)44, -$ $9) {-3, -2} (20) {3,- 2} 
Exercise 7.2 
(1) {0,6}(2)10G38 1(3) 16-335 (Di 4s} 
(5) fo, $€6) {0% 3¢7)1 0,13 (8) {0,-4} 
(9) {0,3 $(0)i0, 13 (i) { 0,-23 12) 1 0,-8] 
(3) {0, 2309) {o4-s3 a) 10, 5:3 
Exercise 7.3 


(4) £2,-23 @{5-53 O14-43 OIiV3-V3 
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(5){5,-7$(6) (-34+V 7), ( -3-V 7} 
(7) £3, - 134 (8) fits V2 Ave 
3 3 


(9){3,-%) Co{e@+V3),(2-2V 3) (nf 4-3 
(12) 4 2a,-2@$ (13) {6,-2} (14)12,-8 } (15) £3,-6} 
(10) £57 3 (17) {1,~11 } (18) fi0.- 8 3 C9) {9,5 $ 
(20) {4-4} / 


Exercise 7. a 


(1) $(-3+ Vil, (-3-/11) (2) 1 24-7 3), (2-3) ¢ 
(3) ae, en) (4) pees vii} 


6 5 


(5) ed vB 7- Boe A | (6) ert V 13 fey 


Exercise 7.5 
(1) 3 (2) 7 (3) Zor? (4) 9 or 3 (5) 6,8(6) 1, 13 
(7) 12,15 (8) 40 yrs. syrs. (9) 93 (10) 11, 13, 15. | 

Exercise 7.6 | 
(1) Length so mtr. breadth 22.5 mtr. (2) Length 4g mtr. 
(3) Length 12 cm. , breadth 12 cm. ( 4) Length g mtr.. breadth 

6 mtr. (5) Length 18 mtr. , breath 12 mtr. (6) 11 mtr. 
(7) Length 12 mtr. , breadth 10 mtr. (8) 6 cm. and 8 cm. 
(9) 24cm. and 18 cm. . (10) 7cm. and 24 cm. 

Exercise 7.7 
(1) Length 15cm. , breadth 5cm. (2) Altitude 6 cm. , base 15 cm 
(3) 5cm., 7 em. (4) 7¢m. and 12 cm. 

Miscellaneous Exercise - 7 | 
(1) 9 and6 (2) 17 (3) 11 (4) Length 27 m. breadth16 m. 
(5) 15 (6) Two, 45 and 54 (7) 20° (8) 480 sq. m. 
(9) 30 =(10) 25cm. (11) 1S and 17 (12) 16 (13) 20 
(14) Two, # and 4 (15) 7 
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| Chapter 8 
Exercise 8.1 a | | 
1. (1) 5x?4+6x412 (2) 5a? -3a+1 (3) 9075 — 4ab3 + 36% 
(4) 2at (5) 0 (6) 5x3 — 3x? $8 
(7) x* +2e8- x41 (8) x?-ix+2 (9) 10x? +6x49 
(10) 0 | 
- (1) x° — 6x? +12x 44 (2) 747 +3a4+1 (3) -4b? - 65 
(4) ~ Ba8d 494262 + ab? — 3b4 (5s) bx?-x-29 
(6) 2a°-Sa+7 = (7) 2m? -~mn (8) _y? — sxy— x? 
(9) x4 - 5x46 (10) 0 
3. (1) 2%? — 6x4] (2) -4a+6 (3) 2m?—2m+45 


ty 


= 


(4)2 — (5) 44+ 36+ 5c (6) 4x? — 17x — 13 
(7) -y?—Sy+10 (8) 4y-22 
2x? + 9x —8 5. —a*>— 2a 6. — 5m +12 


7. (1) 7x? —7x4+33 0 (2) x? —2e4+10 (3) X? -7x-8 
(4) —4x2?+9x-9 = (5) 7x7 -7%413 (6) 3x7 -—7x-1 
(7) 6x? —9x + 16 (8) 0 (9) 2x2 +7 

(10) x7 +2x—3 (11) — 5x? +7x-6 (12) 5x? -7x+6 

- Exercise 8.2 : 

i. (1) 2 (2) 1 (3) 0 (4) 3 (5) no degree 
(6) 3 (7) (8) m+n 

2() 5 (2-4 (3)1 5 (5-1 


3. (1) — 5, 3 (2) x79, because the index —3 is not a whole number 
| 7 | 


(3) x?, because the index bis not a whole number (4) 0 
(s)7° °° (6) 4 = (a) ~Sm 
Exercise 8.3 
7 (1) 24 (3, -10, 7) “hea, (1, 7, 0; 7, ~6) 
(3) 4; (1, 0, 0, -5, 0) (4) 4, 3 (1, 0, 0, -5, 7) 
(5) 5 3 (-7, 0, 0, 0, 0, 0)(6) 0.; (-5) 
(7) 35 (1,04 -p,97) (8) 15 (1, 0) 
(9) 23 (4, 0, 5) (10) 1; (-1, 0) 
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(11) 3;(4, 0;-4,0) (12) 13 (¢4,-¢) 


2. (1) 23 x7 +10x—5 (2) 4; 5y*-7 
(3) 1; 4x-3 (4) 4; 2x* 
(5) 33 ax*+bx? +ex+d | (6) 3; ay? +5 
3.a=4,b =-5,c¢c = 7 and d= -6 
4.a=>7,5=-5 and c = —4; atb+c = —2 


Exercise 8.4 


Je (1) x9 48x? +17x4+6; 3. 9 (2) 5x*— 12x77 +7X-63 3. 
(3) a> - a* — 13a° +2807; 5 (4) m®+5m*—m?-5; 6 
(5) y*-13 4 (6) x7 +1; 3 7 
(7) 5x4*= 15x3— 7x? + 27x - 18; 4 (8) x5+4x3 + 5x?— 12x- 10, 5 
(9) 4y*-10y> + Sy 2+ Sy—14; 4 (10) 9x3°4+(b—ap)x?-4(c— bp)x — cp;3 
2 x2? 45x-73 y®-3y+4; a?-7a4+8 3; x? —5x?2+7x-9, 
0 3 0 : 0 > OQ. 
(i) A (QQ) 0 
Exercise 8.5 


dividend = divisor x quotient + remainder, 

(1) 8x?4+4e = (x42) x (8%- 12) 424 

(2) y3-9 = (y +3) (9? -374+9)- 36, 

(3) m?+64 = (m+4) x (m?-4m+16)+0 

(4) 24743a41 = (4+2)x (2a-1) 43 

(5) x? —4x7 +5x-2 = (4-1) x(x? 53%42)'+0 

(6) x? -x-2 = (x-1)xx-2 

(7) 4x? + 16x = (4x4+12)x(x4+1)-12 

(8) 2x44 x3- 19x74 5x + 15 = (x?— 7) x (2x? 4x — 5) + (12x—20) 
(9) 12593 +1 = (S5y+1) x (25y? — 5y+1)+0 

(10) x¢+x27 41 = (x? +441) x (x?-x41 )+0 

(11) 3x? +x-10 = (x+2)x (3x-5)+0 

(12) y* + 10y? — 48y + 1 = (y? — Sy +7) x (y + 15) + (20y — 104) 
(13) x? -a? =(xt+a)x(x-a) +0 

(14) xi 4a3=(x+a)x(x?-axt+a?)+0 
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(15) ax? +bx+e=(x—p)x(axtbt+ap)+( ap? + bp +c) 
(16) ax? +bx+c=(x+p)x(axtb—ap)+(ap? —bptc) 


Exercise 8.6 


(1) x9 -—5x?4+7x4+2= (x-1) Sigal ae 

(2) x4 -—5x?4+3 = (x-1) (x9 4x7 -4x-4)-1 
(3) y?+7y? + 5y+3 = (yt+1) (Cy? +6y-1) +4 

(4) y*-7y?+2=(y-1) (y? +y?-6y-6)—-4 

(5) x* -x? +441x-5=(x-1) (x9 +x? -6x4+5) +0 
(6) y2>+7y? +9y+3=(y4+1) O? +69+3)+0 

(7) x* -16=(x—2) (x9 4 2x7 +4%4+8)+0 

(8) y*-16=(y+2) (9? — 27? +4y—-8)4+0 

(9) x9 4125=(x+5) (x? —5x +25) +0 

(30) x* — 7x 4+.3=(x-3) (x7 +3x+2)4+9 

(11) 4x4 — 5x34 15=(x-3) (4° + 12x7 + 31x4+93) + 294 
(12) Sy* —2y? +7v -S=(y- 2) (Sy? + By? + 16y + 39) + 73 


(13) x3 40x? +0x—-a® =(x-a) (x? +ax4+a%)+0 


(14) x3 +4? =(x+a) (x? -—ax+a’?)+0 


(15) ax? +bx+0 = (x-p) (ax+b+ap)+( ap? +bptc) 


(16) ax? +oxt+e = (x+p) Sahil 6 oie Mis Mala, 


Exercise 8.7 


is divisible : (1), (2), (3), (4); (©), (7), (8), (0), (11), (12). 


is not divisible + (5), (9). 


Exercise 8.8 


1. (1) —-4 (2) 4 (3) -2 (4) 3a7+5a-—4 (5) 3p? —Sp-4 


2. (1) -6 (2)9 (3) —48 (4) - 84° - 4a-3 
(Ss) (a+6 )3+2(at+6)-3 
3. (1) 0 (1) - 82° 4. pa®+qarr 
5. 84° + 7a? — 102 6 (+4) -2(a+4) 
Qa Qa 
c= 8 & @=0,b6=-5 
9.p=—h', q = -78 10:6: = 0,44 
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Exercise 8.9 
1. 4) 20 ~— (2) 0 (3) -6 (4) 21 (5) 22 

(6) 0 (7) 0 (8) 0 (9) 11 (10) +4 
5. f= 3 8 O38 4,.a=2 5. p = 16 
6.4=5,5=-10 7% P=-~4 
8. remainder = Q, is divisible. x? —5x+4 = (x-1) (x-4) 
Exercise 8.10 . 


J. (1) is a factor, x-—4 (2) is a factor, x? —4x+ 3 
(3) is a factor, x? + 5x +6 (4) is a factor, x? -2x+8 
(5) is a factor, 2y?-—y+5 (6) is a factor, m? —2m+1 
(7) isa factor, p? —7p—5§ (8) is a factor, y>-y—-1 


(9) is a factor, x3 — 4x?+2x+1 (10) is a factor, x? -5x+1 
2. p = 10 30 SP 5, XS 4,.a=>7,x+4 
5. a = 16 6é4@=>7,6=6 2%FpP=-1,9=-5 
8. a=-1,5=-9 9. a = 1, x7 - x? +6x4+1 
10. 6 = ~10, 4x° + 3x2 —4x -8 
Exercise 8.11 
1. is a factor. x? —4x~3 2. is a factor. 2x7 —5x—10 
3. is a not factor. 4. is a factor. 3x27 4+3x+4+1 
5. is a factor. x? ~x+4 6. is a factor. 2x — J 
7. is a factor. x? +x—26 8. is a factor. x* +x*74x+1 
9. is a not factor. 10. is a factor. 5x? + 11x7411X+ 11. 
Exercise 8.12 ) 


1. Is a factor. x +4 . is a factor. 2x? —7x+4 


2 

3. is a factor. x? -6x+9 4.°is a factor, 2x7 + 3x+1 
6. is a factor. x? —6x—-1 
8 


a 
5. is a factor. x? +4x+2 
7. is a factor. x? —6x +12. 
9. 1s a factor. x8—x?+ x — 10. is 2 factor. ax* +(b —a)x+(a+1) 
Exercise 8.13 
(1) (x-1) (x41) (x42) (2) O-D(y- 2) (943) 
(3) (m4+1)(m-5)(m+4) (4) (x-1) (4-1) (x-3) 
(5) (yt1) (¥-2)(¥-3) (6) Cy-1) CX +) (9 +3) 
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. is not a factor. 


(7) (x41) (x? + 5x41) (8) (x+1)( x42) (x+3) 
(9) (m+1)(m+5)(m+6) (10) (ptt) (p-7) (p +5) 
(11) (y+2)(y?- y+4) (12) (x+2) (+4+3) (+44) 
(13) (x- 2) (x? +x 41) (14) (x — 3) (x-4) (x +7) 
(15) (m= 3) (m2? +4m+12) (16) (x— 2) (x — 8) («+ 7) 

Q7 (x+3)(x+5)(x-8) (18) Y- 3) Y-7) (vy +10) 
(19) (x-1) (x 4+1) (2e—-1) (20) (*— 4) (4+ 4) (x7 +3) 
(21) (x +1) (+3) (*—5) (22) (x1) (x + 1) (x? + 4x47) 
(23) (x ~ 1) (% — 2) (x41) (x +2) (24) (y-1) Q2y + 3) (By + 2) 


Exercise 8.14 : 
(1) 12x (2) 3x (3) xz 
(4)x-1 (5) (y-1)? (6) (x-y) (¥+2y) 
(7) 3(x-1) (8) 2(x+y) (9) x43 
(10) x +3 (11) 2( x - 2y) (12) x-1 


Exercise 8.15 
1. (1) 36 2°65 (2) 2354 | 
(3) (¥-42)? (xta)? (4) (y-1)?-2)(¥ +3) 
(5) (4-5)?( 4-26 ){ at2b)? (6) (m+2)? (m—3) 
(7) (= 2) (x — 3) (42) (% + 3) (8) 12x? (x - 2) (x +2) 
(9) 10(x-2y)? (x+2y) (10) (4-2) (*-3) (x43) 


~ (1) x+3 5 (%4+3) (x42) (x-4) 

(2) x-y; (xy) (x+y) (x? +24? ) 

(3) y-4; (y-4) (y+ 4) (y +3) 

(4) x-1;2(x-1)? (x? 4+x41) 

(5) m+4; (m+4) (m+3) 

(6) a4+2; (4+2)? (4-2) 

(7) x? -3x+9; 2(%4+3) (x? - 3x49). 

(8) (a+b) (a-b) ; (a+6)(a—b) (a? +57 ) 
(9) y-2 3’ y(y-2) (v9 +1) (42) 


No 
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(130) x-4 ; (x-4) (x+5) (x+6) 

(2) x-2 ; (x-1) (*-2) (x-3) (x7 +2x+4) 
(12) x-1 5 x(¥-1) (¥-3) (x41) 

(13) x+7 5 (x+7) (x-4) (x2 -7x4 49) 

(14) yt1 5 (y+1) (Cy t2) (9? +5y 41) 

(15) x-1 3 (x-1)? (x-2) (x42) (443) 

(16) (m—1)(m—-2) 3 (m—1)? (m—2)(m+3) 

(17) (x+1) (4-1) 5 (441) (4-1) (4? +1) (2441) 
(18) (x-4) 3 2(%-4)(x~-5) (444) (x? +4x4+16) 
(19) 7(m—-1) 3 42(m-1)? (m41) (m2? 4m41) 

(20) x-2y 3 (x-2y)(x-y)(xty}(xt2y) | 

(21) 2¢x+2) 3 24(x +2) (%4+3) (4-2) (4-3) 
(22) a? -a+1 ; (a?-a+1)(a74 441) (a4+1) (4-2) 
(23) 2x-3 3; (2x-3)(2x4+3)(x+5)(*-5) 

(24) 2(y- 5) 3 8(y¥-5)(¥4+5) (y—2) (24 5y+25) 
(25).24%4+3) 5 8(x4+3) (x-3) (x-2)? 


Miscellanous Exercise — 8 +3 
1. (a) xt+18 QQ) atote (3) m-23n (40 
2) y= 1- = 3 (2) m*++m?> +1; 4 

(3) 2a28 —9a7+17a-12; 3 (4) 3x* — 11%? —11x4+ 35 5 3 
3. (1) x2 - 4x? + 5x —3 = (x— 5) (X? + x4 10) 4 47 

(2) y? —3y7 +7 = (y? — 2) (y-3) +Qy4+1) 

(3) 4m — 5m? + 7m = (m + 3) (4m? — 17m + 58) ~ 174 

(4) 3x® — 5x? +7x — 28 = (x-2) (3x7 +x%+9)-—10 
4.p= 14 


5. (1) (¥-3) (x-5) (x-6) 2 (9-3) (9-5) +8) 


(3) (m+ 2) (m? — m+ 4) (4) a(a —2)( a? +2044) 
(5) (x— 2) (x + 2) @& + 3) (6) (x — 1) (& +1) (* + 5) 
(7) a (a— 2) (a + 3) (8) («+ 2) (x? ~— 2x + 2) 


(9) (x — 1) (« +1) @&? + 1) (10) (a — 1) (a — 3) (a + 2) 
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3x (x-1) 
(x -2y ) 

(x+1)(x4+2) 
2(a-b) (a+b) 
x+7 


6x? (x-1)? (x+1) (%+2) 
2 (x — 29)? ( x? + 2xy + 4y? ) 
(x+1) (x+2) (x43) (*-3) 
12 (a—b) (a+b) (a?+b?) 
3(x+7)(x- eG — 7x + 49 


7. (1) is a factor (2) is not a fetor 
(3) is not a factor. (4) is a factor. 
g8. (1) 1 (2)-2 (3) -3 (4) -3 
9 (1) x8 — 4x7 +5 =(x-5) (x? +x4+5) +30 
(2) y> -sy?+5y-1=(y-1) (y?-4y+1)+0 
(3) x° — 7x? 4+ 5x -4 = (x+2) (x? -— 9x 423 )- 50 
(4) 2m4 — 3m? + Sm— 15 =( m+3) (2m? — 6m?415m — 40) 
+ 105 
10. a = 5, b = 3 
Chapter 9 
Exercise 9.1 


(2) meaningful ; 0 (3) meaningful;_4 (4) meaningless 
(5) meaningful ; 0 (6) meaningless. 
Exercise 9.2 


(1) 2 ab (2) _ (3) 440 (4)x-1 
x x + 3 a® —ab+ 5b? x 
() y (6) x4] () a+ 3b (8) ov 
(9) x +4¥—-1 (yey Yi + 27-6 
x—4 y= 5 
Exercise 9.3 
(1) mt: (2) x (3) 2( x-y) (4) 2 —-— 


m+n 
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(s) 1 (6)1 - )p?-1 (8) p-m (9) 1 
4) (a—8) (a+ 6) 
b2 X +5 
Go OD Teasyresey eee 0 TE 
; q (6-4) x? er 
13) 1 14) 1 15) (16) —s— 
(13) (14) (5) Oa5y GoD (16) 
2(m?— 117 + 26) 2x, 
sheen Lie 18) 19) (ee 
(17). (m= 7) (m= 3) Og * ecient 
b p--4 
es 
(20) (ay ab) (assy 7) ra (2) A 4 (23) 
mtn (25) 1 (26) 1 (277 - — 
(24) (25) (26) aay (98) ===> s 
2 
(31) 2 
x — (2x+h) 
Pye oe (34) riers? (35) Beh 
14a + 3 \_ 6—~* 2. 3 
aN) 2a+4 (2) 3x —2 (3) 2. 
3. (1) 1 (2) - #4 (3) 1 
Exercise 9.4 
]. X = 6 2S). Bex] = 4.x = § 
5 y= -3 6. m=- 3 7 y=2 8 y=-10 
9.x = 8 iss = So 1k eS Ss 12.x = — 10 
13, y=9 44x= 2 15 x=-3 1x =-5 
17, y= 4 18. x =-3 12% y=-3 20. x = 5 
Miscellaneous Exercise — 9 
}. (1) 5x?y m— 2n at tabs be 
(1 | Oa (3) (a+b) (a? +b? ) 
x-2 a — 3 x* + 4x + 3 
4 5)—— 
o> VS 8 
a—3 Sere eeh) 
Se wn a Riedie Soe Gru 3 
2>Qiy3 @ ~7 OO ras 4 
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(4) 1 (5) 3 (may med) 
a p-1 

(7) oan (3) a0 (9) a 

(10) ee 3xh + h? 

3 (I)x=-% (Dy=4 B)m= 2 (4)x=7Y 
(S)y=$ ()x=1 (Ny=Y  (8)x=-2 
(9) x =-4 (10) p = 4 

Chapter, 10 


Exercise 10.1 
1( i), yo x 


(ii) 
(iv) SP, y= Px. (v ) 


2, 
pe 

. 
12 


2. (i) 50, = (ii ) 30. 
3. (i) 125, (ii) 8. 
4. 20 cub. cm. 

5 Rs. 220 


Exercise 10.2 

1. (i) 150, xy = 150. (ii) 15, xy = 15. (iii) 8, xy =8 
(iv) 2.88, xy = 2.88. (Vv) 1000, xy = 1000. ( vi) 180,xy=180. 

2. (i) 8, (ii) 0.4. | 

3. (i) BF, (ii) s 

4. 50 km. p. h. 

5. 4 hours 


6. (1) 40 mm. (2) 30cub. cm. (3) inverse,960, ( 4) yes, 8 4/15 


Miscellanous Exercise - 10 
1. (1) 3, (ii) 128. 


26 qe 3. sa 4. 6- 3 
5. 21 cm. 6- 2.5 km. qs 62 dynes. 
g. Rs. 784 9. Rs. 750. 


2 36 


: Chapter 11 

Miscellaneous Exercise - 11 | 

j. Inerease of Rs. 4 2. Rs. 320, 6 $#%- 3- 125, 64%» 

4. Loss, Rs. 18 5. Hakimbhai’s, by Rs. 5 6. Profit of Rs.24. 

7. In 9°% at 145, 8. Rs. 1470-50 9. Nothing. 10. Profit of Rs. 252. 


Chapter 12 
Miscellaneaus Exercise — 12 
1. (i) 8.6 (ii) 510 
2. (1) 8.6 — (ii ) 510 
3. (i) 16 (ii ) 78 
4. (i ) median 95 (ii ) mode 98 
5. Ci) 83:8 (ii) 33.8 
6. Mahipatrao’s 
7. Rs. 26.75 | 
8 (i) Rs. 22.90 (ii) Rs. 20. 
eo@000 
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